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COMPUTER PROGRAM FOR THERMAL ANALYSIS OF
TANK-MOUNTED MULTILAYER INSULATION
by Glenn R. Cowgill and William R. Johnson

Lewis Research Center

SUMMARY

A computer program was developed to analyze the space-hold thermal performance
of various multilayer insulation (MLI) configurations on the upper half of an oblate
spheroidal liquid-hydrogen tank. The thermal model considered was an unshrouded tank
within a hypothetical sun-oriented vehicle such that the payload was the only heat source
in the system.

The thermal code CINDA-3G (Chrysler Improved Numerical Differencing Analyzer
for Third Generation Computers) was chosen for the basic thermal analysis, and several
subroutines were written to tailor it for the needs of the particular problem. A portion
of the tailoring included a program called the pre-preprocessor, which generated the
data required as input for the CINDA-3G program.

This pre-preprocessor and allied subroutines comprise a package to obtain a para-
metric thermal analysis of any multilayer covering on a spheroid. As a result, a mini-
mum amount of input is required to specify the model geometry so that perturbations in
the geometry configuration may be introduced with a minimum of effort,

INTRODUCTION

The long-term storage of liquid hydrogen in space can be effectively accomplished
by using high-performance multilayer insulation (MLI) systems. A typical system would
use a large number of highly reflective shields (aluminized polyester film) separated by
low-thermal-conductivity spacers (e. g., silk netting).

A cross-sectional view of a sun-oriented vehicle with an unshrouded liquid-hydrogen
tank covered with MLI is shown in figure 1. The payload intercepts all solar energy and
thus represents the only high-temperature heat source in the vehicle. The direction of
the anticipated heat flows could be as indicated by the arrows in figure 1. The only heat




being transferred into any of the tanks is through the MLI on the top half of the liquid-
hydrogen tank. Therefore, this discussion will consider the thermal performance of the
MLI on the top half of the liquid-hydrogen tank only.

This analysis will be general for a steady-state study of any oblate spheroidal tank
and payload geometry. However, to simplify the discussion, the programs herein will
be described with respect to a particular problem; that is, a steady-state analysis of a
variable-thickness shield of MLI on the top half of an oblate spheroidal tank viewing a
constant-temperature payload. A complete discussion and the results of this problem
for the geometries considered may be found in reference 1,

A cross-sectional view of the variable-thickness MLI system on the top half of the
liquid-hydrogen tank is shown in figure 2, The net heat flow by thermal radiation into the
top surface of the MLI is transferred within the MLI by

(1) Conduction in the lateral direction parallel to the shields, Ql at

(2) Combination of radiation and conduction in the normal direction perpendicular to

the shields, Qn orm

For a steady-state condition to exist, the net thermal radiation received by the top
surface of the MLI must be exactly equal to the total heat transferred through the MLI
and into the liquid-hydrogen tank. The problem then becomes one of solving for the net
heat flows after temperatures resulting from local heat balances throughout the MLI
have been established,

There are a number of computer programs available which, when fed the proper in-
put data to describe the model of a physical problem, will perform a thermal analysis
and output the temperature distribution. When these programs are used, both building
the mathematical model which describes the physical geometry and the preparation of the
necessary input data are most tedious. To alleviate this difficulty, the computer sub-
routines described in this report were written to provide a ready means to generate this
input data.

These subroutines are specifically designed to solve the problem described in refer-
ence 1, but can be generally applied to any tank in the shape of an oblate spheroid with
layers of material covering the tank, or for a shell of varying thickness having the same
general shape. These computer programs, then, generate the data required by
CINDA-3G (ref. 2), which is the particular thermal analysis program chosen by the
authors because of its versatility. The capability to readily effect small changes in
geometry added to the versatility and afforded a substantial saving in time and effort.

The routines to be described herein are (1) a pre-preprocessor which takes the input
data and converts it to the CINDA-3G data as prescribed by that program, (2) a view fac-
tor program which computes the geometric view factors for radiation in an enclosure,

(3) an output routine which graphically displays the temperatures, thus making it easier
to get an overall view of the temperature distribution, and (4) various other subroutines
that are used for special operations by routines (1), (2), and (3).
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ANALYSIS
Thermal Model

The thermal model for this problem is shown in figures 3 and 4. It consists of a 45°
wedge of the MLI on top of an oblate spheroidal tank. This wedge is divided into a num-
ber of internal nodes.

For convenience, the geometry of all the nodes in a given column is assumed to be
identical in the normal direction, having numerical values for the node width, node
length, the lateral cross-sectional area (ALAT), and the normal area (ANORM) based on
the dimensions on the top surface of the MLI. This should introduce no significant error
when the maximum MLI thickness is small relative to the minor tank radius.

The node length for each segment (column) is described by specifying the angles
91, 92, . e e Gn (all #'s must be integers). The depth of all nodes is constant and is
specified by two input variables: the number of shields in each node, NSPL, and the
thickness of each shield, DELS. The product of NSPL and DELS then is the depth of
each internal node. The number of nodes in each column is an input variable, NL,
which is a function of the MLI thickness being simulated in that particular column. The
program is set up to accept a maximum of 30 segments and up to 50 nodes in each col-
umn. For the particular problem under discussion, 10 segments were used with varying
numbers of layers (see fig. 3). The computed performance of this wedge is then multi-
plied by 8 to obtain the results for the entire top half of the tank.

A constant-value boundary node represents the temperature of the tank and the tank
surface is held at this constant temperature. The payload is simulated by a flat disk
divided into concentric rings (maximum, 10 rings). Space is simulated by a constant-
temperature node with temperature at absolute zero and an emissivity equal to unity
(blackbody).

Thermal Radiation

An enclosure composed of the payload, the surface of the MLI, and an imaginary
surface representing space is used to compute the net thermal radiation received by the
top surface of the MLI. The enclosure formed with the various surfaces labeled is shown
in figure 5. The enclosure used in this discussion is composed of the 10 tank surface
areas, five payload surface areas, and an imaginary surface simulating space, for a
total of 16 surfaces. '

The payload surface represented by a flat disk is divided into concentric rings of
approximately equal area (labeled A11 to A15 in fig. 5). Each of these rings is consid-



ered to be a separate surface of the enclosure, and as such, each ring may have a dif-
ferent surface emissivity and a different constant temperature which is considered to be
an infinite heat source. This is then assumed to be a multiple gray surface enclosure
and simulates a radiosity network. A CINDA-3G subroutine, IRRAD1, is then used to
compute the net radiant heat flow rates to each surface of the enclosure. Subroutine
IRRAD1 uses a method described in reference 3 to obtain the net radiant heat flow to

each surface.

Computer Program - General

CINDA-3G is a two-pass or double-phase operation consisting of a preprocessor
phase and an execution phase. The user input data (description of the model) to
CINDA- 3G are converted into FORTRAN IV language subroutines by the preprocessor.
These subroutines are then passed onto the system FORTRAN compiler for compilation
and execution for solution of the problem.

Since the user input data as described in reference 2 are for a fixed geometric
model, much extra labor would be necessary to change the input for a slightly modified
geometry. Thus, a set of subroutines were written to accept a general description of
the model and to generate the user input data so that the geometry can 'easily be varied
by small changes in input data., This set of author-written subroutines was added to the
CINDA- 3G system as an additional phase of operation, making a three-pass or three-
phase operation. This additional phase, called the pre-preprocessor, is executed first
to generate all the necessary input data as required by the CINDA-3G preprocessor using
a minimum amount of punched card input data. The CINDA-3G data are described in ref-
erence 2 (pp. 4.1to 4.21). Control is then passed to the CINDA-3G preprocessor
(phase 2) to process this generated data and to generate the subroutines for the third
phase of the operation to perform the execution of the problem.

Because of this method of combining the three phases of operation and the use of
certain portions of the computer operating system, this overall program as described is
usable only on IBM 7094 I1/7044 Direct Couple Systems running under the operating sys-
tem IBSYS version 13, with a FORTRAN IV compiler. However, the CINDA-3G program
is available for other computer configurations, for example UNIVAC 1108; and the rou-
tines written by the authors as described in this report could easily be modified to oper-
ate on these other computers since they are entirely written in FORTRAN IV.

Finite Difference Equations

The input to CINDA-3G is the description of the model. This description is given by



designating each incremental volume, called a node, by a number and then describing
the heat paths between nodes by specifying the node numbers of the two adjoining nodes
and a value which represents the conductance between these two nodes. Conductance-is
the area of heat flow times the thermal conductivity divided by the conductor length.
Heat flow to boundaries is specified by supplying heat-transfer coefficients or radiation
constants as the conductance between the two nodes.

When a network (model) to the problem has been described, the solution is obtained
by solving a set of finite difference equations, which are an approximation to the partial
differential equations of the diffusion type

QI:aVzT +S (1)

ot

where T is temperature, t is time, o is diffusivity

o =

k| (2)
Cp

V2 is the Laplacian operator in X, y, z coordinates, and S is a source term defined
as

(3

[ €]
1}
-5

where q is heat rate per unit volume and k is thermal conductivity.
Since we are interested in only the steady-state solution for this particular problem,
the time derivative is equal to zero, and equation (1) reduces to Poisson's equation:

av2T +S=0 (4)

Substituting equations (2) and (3) into equation (4) results in

2 .
kv~ T . gk _ 0 (5)
PC,  koC,

Then since pC_ = may be assumed to be a constant for steady-state computation, multiply
both sides of equation (5) by pCp to get



. 2 2 2 .
kV2T+q=k oT,T, 3T +q=0 (6)
aXZ ay2 azz
Then
kv2T +q= B (2T 9T) , k (0T  2T) , k (8T _2T) g 0
Ax \ox ox Ay \9y oy Az \0z oz

where the plus and minus signs in the first partial term indicate that they are taken on
the negative or positive side, respectively, of the point under consideration. If three
consecutive points (1, 0, and 2) ascending in the x direction are considered, the finite
difference of the x portion of equation (7) is

_k_a_TQ_aTO giTl_TO.FTZ_TO @
Ax \ox~  oax” Ax \ Ax” ax*t

applying this to equation (7) for x, y, and z for the points

1,0,2 in x direction
3,0,4 in y direction
5,0,6 in z direction

yields:

. T, - T Ty - T T, - T T,-T T - T T,-T .
kV2T0+q=£<1 _0+ 2 +0> +£<3 _0+ 4 +0)+£<5 _0+ 6 +0> +q (9)




taking common denominator of volume V = (Ax)(Ay)(Az) and A < = (ay)(az),
Ay = (AX)(AzZ), Az = (Ax)(Ay) and combining equation (9) with equation (6) to obtain

KA kA KA kA KA :
E’_‘—(T1 - T0> +Ax_f(T2 - TO) +Z;¥(T3 - TO) +E{(T4 - TO) +Az_f('r5 - To)
KA, .
+Az <T6-T)+q=0 (10)
now let G, = kA _/AX", Gy = kAX/Ax+, Gg = kAy/Ay',. . ., etc. Then

G, (T - Ty) + Gy (Ty - Ty) + Gy (T3 - Ty) + Gy (T4 - To) + G (T5 - To)
+G6(T6-TO)+£1=0 (11)

G1T1 + G2T2 + G3T3 + G4T4 + G5T5 + G6T6 +q

= Ty(Gy + G2+G3+G4+G5+G6) (12)

or

T G T + G2T + G3T3 + G4T4 + G5T5 + G6 g+ d (13)
0~
G +G2+G3+G4+G5+G6
or, in more general terms,
G, T +
Z i3 * % (14)

To = EG

whefe i ranges over all neighboring nodes to TO‘



Since all the temperatures T; in equation (14) are not known, assume some initial
temperatures and solve this equation for TO; when this is done over all the nodes in the
network, a new temperature distribution will be obtained. Iterate in this fashion with
equation (14) over all the nodes in the network until the temperatures obtained do not
change between two consecutive iterations by more than some prescribed value, called
the convergence criterion. This is the method used by the execution routine CINDSS (see
ref. 2),

Geometric Radiation View Factors Between Surfaces on a

Flat-Surfaced Payload and a Spheroidal Tank

The geometric radiation view factor between any two surfaces Ai and Aj shown in
the following sketch is defined by equation (15)

Surface A

Surface Aj

(b)

cos @, cos @. dA, dA,
1 R

i1, j 5 (15)

A; VA, TR




where Fi, . represents the portion of the total energy, either emitted or reflected by
surface i, that is intercepted by surface j. As shown in the sketch, ?; and ¢. are the
angles between the respective normals to the surface elements dAi and dAj and the
connecting line R.

The double integral in equation (15) is approximated by the following double summa-
tion in order to obtain a numerical solution on the digital computer:

cos @, cos @, AA. AA.
AF, .= \ % y ] (16)
iti,] 9
TR
Ai Aj '

The radiosity subroutine used to calculate the net heat into each surface of the enclosure

requires the following numerical input:

AN area of each surface in the enclosure
E

TN temperature of each surface in the enclosure
E

€N emissivity of each surface in the enclosure
E

AXF  area times geometric view factor for each interchange in the enclosure (see
ref. 2, p. 6.6.2)

The procedure described in this section first determines the individual values of AXF
for each of the tank surfaces viewing each of the payload surfaces. Once these primary
values are determined, all other values of AXF are readily determined. The equations
used to define the other values of AXF are discussed at the very end of this section.

The view factors, and subsequently the net q into each of the surfaces in the radios-
ity enclosure, are computed for the entire top half of the tank and the entire payload. As
described earlier, in the discussion of the model, the top node of each column of MLI is
a 45° segment, These segments are extended completely around the tank to form a ring
and the net q is computed for each of these rings. These q's are then divided by 8 to
obtain the net q into each node on top of the MLI. The method of computing the view
factors described herein further breaks up each of these rings on the MLI and also breaks
up the payload surfaces, described on page 3, into smaller rings. Then these small
areas with their respective view factors are added together to obtain the AXF for each
payload surface and each MLI surface, where each MLI surface is a ring as described
previously.



The actual view factors are calculated as follows: The payload is arbitrarily divided
into concentric rings each having a width of 0. 1 foot (3. 05 cm). Each ring with area A
is then further divided into incremental areas AA_. As shown in figure 6, the subscript
p will pertain to the payload surface, and the subscript t will pertain to the tank sur-
face. The number of incremental areas in each ring NJ is varied so that the numerical
value of AAp remains approximately constant over the entire payload. Thus, for the
payload ring shown in figure 6, NJ is the nearest whole number determined by the fol-

lowing expression:

NJ = 207er )
The number of these rings of 0. 1-foot (3. 05-cm) width which are to be included in each
of the individual payload surfaces is then readily determined.

The MLI surface on the tank is arbitrarily divided into 90 increments of 1° each,
measured from the vertical z-axis. As shown in figure 6, the incremental area extends
in a ring completely around the tank. The location of this ring is specified by zpm, the
angular distance from the vertical z-axis. Each ring with area At is further divided
into incremental areas AAt of constant size over the entire tank surface. The number
of individual rings to be included in each of the separate tank surfaces used in the en-
closure is then readily determined once the angular size of each of the surfaces is speci-
fied.

The variable MLI thickness over any particular tank surface area is accounted for by
reading in the number of nodes used at that particular location. The numerical values of
a and b (the major and minor semi-axes of the spheroid formed by the surface of the
MLI) are determined individually for each of the tank areas used.

a=Xr+AS
b=Yr+AS

where AS is the thickness of the MLI and Xr and Yr are the uninsulated tank dimen-
sions. Thus for any particular surface area of the tank, the existing MLI thickness over
that particular area is considered to exist over the entire tank surface.

Both the tank and the payload are symmetrical about their respective z~-axes. Be-
cause of this symmetry and the fact that the z-axes of both coordinate systems coincide,
the geometric view factor of any one element AA; along a given tank ring to any given

10




complete payload ring is independent of position. Thus, equation (16) mé.y be written in
the following manner:

Cos ¢, cOs %o AAp

1TR2

AFL b= A (19)

Ap

where At and Ap are the tank and payload ring areas, respectively. Thus, the view
factor Ft, of any ring on the tank to any ring on the payload is the summation of the
view factors to all the incremental areas making up the payload ring. ,

To simplify the geometry, the typical element AAt on any given tank ring, selected

to view all elements AAp on any given payload ring, is located in the yz plane. In this
plane, the equation of the MLI surface is

=1 (20)

The following geometric relations are then valid:~

R, =abq/-- -1 )
b2 sin2 x,bm + az cos2 z,l/m

Vi = Ry sin > (21)

zy = Rt cos ¢m

For each value of l[/m used, the entire payload will be divided into incremental
areas AA_. Thus, R_ will be a function of the payload ring being considered, and Yn

will be a function of the location of AAp. The following relations can be seen from fig-
ure 6:

11



Xp = Rp COSs '}’n
- ; 22
Vp = Ry sin vy r (22)
AA = JL[(R +é£>2_ <R -é£)2:|
p o o
N; 2 2 J

where NJ is determined by equation (17). Differentiating equation (20) gives the slope
at any point on the curve:

2
z _ _b”y (23)
dy a2 Z
The slope of a line normal to that point my - can be expressed as
1
2 a“z
mN=__1_=E_E= t (24)
t dz b2 y bzyt
dy
where z; and y; are the coordinates of the point shown in figure 6. The vector Nt
representing the normal from this point is
Nt =j + mNt k (25)
and the unit vector &t becomes
) i+ mNt k
Nt = (26)
2
1+m
Y Ny
Since the payload surface is in the xy plane,
N_=-k (27)

p

12



The vector R from AAt to AAp can be expressed as
2

t,p
(- %)} v i -z)k 28
Ry p= G- x) 1+ @, -v) i+ (e, -2k (28)
Since X = 0,

e 3 - 4 _ - 20
Rt,p Xp1 + (Yp Yt) J+ (zp zt) k (29)

_ 2 2 2
R pr + <yp - yt> + <zp - zt> (30)

Thus the unit vector ftt p becomes

b

- xpi+(yp—yt)j+(zp-zt)k

R = (31)
t,p
R
and
Bp,t = Ry p (32)
The angles @4 and ¢ D can now be determined by forming scalar products:
) R (yp - yt) + mNt(Zp - Zt) (39)
cos q’t:Nt'Rt,p: -
R 1+ My
t
~ - Z_ -2z
=N_ - -p "t
cos. Py Np Rp,t R

The tank surface area A of any ring is determined with the equation obtained from the
following derivation:

13
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(3]

dA = 27y ds

ds = v (dy)2 + (dz)2




where

Thus

Zi+1
. A =2ma VI+w222dz

2w

Ap=27TaEVI+w2z2+—11n<zw+ w2z2+1
2

2 2.2
coda=@enfa 1/1-%2 az +1
2 2
b b41_z_
bZ
2
. dA = 2ma 142 - L 22 |az
b4 b2

> Zin

z.

Therefore all quantities required in equation (19) are determined.

To obtain the value of A an[1

appropriate summation of the results of equation (19):

m,n z:

All tank

rings in the

mth segment

2

All payload

rings in the
th

n- segment

AtFt, P

1

between specific areas m and n is simply an

(34)

(35)

15



All other values of A mFm, p ©an now be generated using the following relations:

(1) Since no surface ''sees'’ itself, Fm’ m= 0 for any m.

(2) Since no two surfaces on the tank ''see'' each other, Fm, n=0 for all tank sur-
faces m and n.

(3) Since no two surfaces on the payload ''see'' each other, Fm, n= 0 for all pay-
load surfaces m and n.

All surfaces
(4) By definition, F =1,

n=

(5) By reciprocity, A_F = AnFn

m m,n , m’

DESCRIPTION OF SUBROUTINES

As previously discussed, the program is divided into three phases: (1) the pre-
preprocessor, which by using the input data described in appendix A of this report com-
putes the input data needed to run a problem with CINDA-3G and generates a tape accord-
ing to the formats given on pages 4. 1 to 4. 2 of reference 2; (2) the preprocessor, as de-
scribed in reference 2; and (3) the execution phase, which actually computes the temper-

ature distribution.

Pre-preprocessor Phase

The pre-preprocessor is composed of four subroutines which read data cards de-
scribing the geometry, compute the data required by the CINDA-3G system, and write
this data onto a tape to be used in phase 2,

The subroutines in the pre-preprocessor are as follows:

Subroutine FORTRAN Brief description
name call name
PREPRE Main program Reads the input data, computes the data required
by CINDA-3G
VIEWFC VIEWF Computes the geometric view factors for the ra-

diation interchange used in subroutine IRRAD1

RAYOUT RITARY Called by PREPRE; writes arrays of numbers
onto the input tape as prescribed by CINDA-3G,
p. 4.10 of ref. 2

COMDAT BLOCK COMMON Block common subroutine

16




Preprocessor Phase

The preprocessor is the second phase of the operation. A list of the subroutines and
a description of each is given in reference 2 (pp. 8.1 to 8. 3). The only variation is that

the preprocessor reads the data from the tape that was prepared by the pre-preprocessor
phase instead of from cards.

Execution Phase

The actual computing to determine the temperature distribution is done in the execu-
tion phase. In this execution phase the following subroutines are used: LINKO, EXECDK,
VARI1DK, VAR2DK, OUTDK, which are generated by the preprocessor phase of
CINDA-3G.

LINKO is the main program. Its only function is to call the INPUT routines to read
in the CINDA input data and call EXECDK.

EXECDK is called the execution block of the program. It retains control until the
problem is solved. Subroutines VARIDK, VAR2DK, and OUTDK are called by EXECDK
or by other subroutines called from EXECDK.

VAR1DK, VAR2DK, and OUTDK are the subroutines generated from the VARIABLES
1 block, VARIABLES 2 block, and OUTPUT block, respectively, that are described in
reference 2. The order of calculation in the execution phase of the program is described,
along with a flow chart, in reference 2 (pp. 3. 12 and 3. 13).

Several subroutines were written by the authors and incorporated into the execution
phase in the user subroutine section. These subroutines may be easily modified or re-

written by the user because they must be included into the program deck as FORTRAN
source cards. The subroutines are

Subroutine FORTRAN
name call name
CNDCTR GETG
OUTEND ENDOUT
DISTRT TDIST
GRAFIC PICTR
PUNTEM PCHT

Subroutine CNDCTR computes the value of all internal conduction connectors Gi
between two nodes i and j.
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G, =K (36)
l

where

A area of heat flow
k  thermal conductivity

l distance from the center of node i to center of node j

If the thermal conductivity varies with temperature

G =—2 (37)
e S

k,

1

i
T~
|

where ki and k. are temperature-varying thermal conductivities at nodes i and j.
These conductors are computed just prior to each iteration of the network solution.

Subroutine CNDCTR as listed in this report was written to permit the use of very
high thermal conductivity shields (pure aluminum as opposed to aluminized mylar) to in-
crease the lateral thermal conductivity of some layers of the MLI. The nodes in these
layers with high conductivity will be denoted as hi-k nodes. All other interior nodes with
a lower conductivity will be denoted as standard nodes. It should be noted that this is
conduétion in the lateral direction only, The thermal conductivity for the standard nodes
is determined by straight-line curve fit. Input variables CON1 and. CON2 are the a
and b, respectively, for the line k =aT +b. The data for the hi-k nodes are input in a
table with variable name AKVST. The format for this table is found in appendix E. For
the data used in the sample problem for both the standard nodes and the hi-k nodes see
figure 8 of reference 1. The thermal conductivity for conduction in the normal direction
K ttective is a combination of conduction and radiation (see ref. 1 for details). Sub-
routine CNDCTR also calls subroutine IRRAD1 to obtain the net @ into each surface of
the radiosity enclosure.

Subroutine OUTEND calls subroutine GRAFIC and then computes and prints out the
heating rates Q of the fuel tank to MLI, QNORM, and also the net heat into the MLI on
the top surface of the MLI, QTS. QNORM and QTS are printed in tabular form to show
the Q in or out of each segment on the tank. Further, these values are then multiplied
by 8 to obtain the @ in and out for the entire tank. The names of these output variables
are QN8 and QTS8. These printouts occur each time the print switch (NPRINT) calls for
an output of the temperature distribution.
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Subroutine TDIST reads the initial temperature distribution from tape unit SYSUT5
which was written in the pre-preprocessor.

Subroutine GRAFIC is a special subroutine which prints out the temperature distri-
bution pictorially. Blocks are made, simulating the nodes, and are printed to simulate
the shape of the shield. Inside each block is printed a node number and the temperature
of that node. A node number with a minus sign in front denotes this node is a hi-k node,
as described in the section on subroutine CNDCTR. If the top of the box is made up of
dollar signs ($$$$$$) instead of asterisks (******) it denotes a surface with a high sur-
face emissivity (see sample output listing on p. 31).

Subroutine PUNTEM punches cards with the current temperatures if either the num-

ber of iteration loops or the amount of computer time requested on the TCP card is ex-
ceeded.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, December 2, 1970,
129-04.
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APPENDIX A

COMPUTER PROGRAM SYMBOLS

FORTRAN Corresponding Units in Description
name mathematical program
symbol
2 . . .

A An orm ft Conduction area in normal di-
rection

AFA AiFij ftz Product of ith surface area
and the geometric view factor
between ith and jth surfaces

AKVST k Btu/(hr)(ft) (OF) Thermal conductivity table

ARCLN -— ft Arc length

AREAL AL ft2 Conduction area in lateral di-
rection

BOTLIM - - Integrand of equation (34) eval-
uated at lower limit z;

BTA B deg Angle measured from minor
axis- to segment boundary on
tank

C -—- -—- Array of user constants to
CINDA-3G

CINCON - -— Array of control constants to
CINDA-3G

CONNAM -—- - Array of control constant
names

CON1 -—- - Constant = a} a straight-line

curve fit for k
for lateral con-

CON2 --- -—-- Constant = b ) duction; k=aT+b

DAMPA -—- - Damping factor (CINDA control
constant)

DAREA A, £t Incremental area on MLI for

view factor computation

20




FORTRAN

name

DELDMP

DELS
DMLI

DPTH
EMISP

EMISS
EMIST

G

H
IEXECN

LCK2

LUT3

LUT5

MAXNL

NDAMP

NHIK

Corresponding
mathematical

symbol

Units in
program

ft
it

ft

Btu/(hr)(°F)

ft

Description

Delta to add to change damping
factor

Thickness of each shield

Thickness of MLI at a given
segment

Thickness (depth) of each node

Emissivity of each surface of
payload

Emissivity of space
Emissivity of each surface on

MLI

Conductor value for heat trans-
fer

Tank-to-payload spacing

Name of CINDA execution
routine to be used

Tape unit SYSCK2 CINDA input
written on

Tape unit SYSUT3 used as tem-
porary storage for FORTRAN
subroutines to be used in exe-
cution phase

Tape unit SYSU TS initial tem-
peratures stored on this unit,
to be read in execution phase

Maximum number of nodes at
any segment

Change damping factor every
NDAMP iterations

Number of high-conductivity
layers
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FORTRAN
name

NIN

NL

NNODES

NNPAY
NNSEG
NOFA

NOUT
NPAY
NPRINT

NSEG
NSPL
NSTMTS

NSURF

NTAB

NUMHIK

PSI
QNORM

22

Corresponding Units in
mathematical program
symbol
Yo
Q Btu/hr

Description

Tape unit, input unit

Number of nodes in MLI in
normal direction for each seg-
ment

Total number of nodes in con-
figuration

Number of nodes on payload
Number of segments on tank

Number of entries in view fac-
tor matrix

Tape unit, output unit
Same as NNPAY above

Print temperatures every
NPRINT iterations

Same as NNSEG above
Number of shields in each node

Number of FORTRAN cards
read in as user program to go
into SUBROUTINES block of
CINDA-3G

Number of surfaces in radiation
enclosure

Total number of entries in
K-vs-T table (AKVST)

Array containing layer num-
bers of high-conductivity lay-
ers

Angle from top of tank to R1
Heat flow from MLI into tank




FORTRAN

name

QTS

R1

RIX

RP

SLAY

SPACEE
TCARDS

THETA

THIKN
TPAY

TSPACE
TSURF

TWALL
UPLIM

Corresponding
mathematical

symbol
Q

Ry

Units in
program

Btu/hr

it

it

it

Description

Heat flow from enclosure into
top of MLI

Distance from tank center to
incremental surface 1

Distance from tank center to
incremental surface i+ 1

Radius of payload

Number of nodes in MLI in
normal direction at each 1°
increment

Emissivity of space

Switch: If equal to zero, use
temperatures input with input
data; then distribute initial
temperatures throughout con-
figuration with subroutine
TDIST. If not equal to zero,
read initial temperature distri-
bution from cards.

Array of angles specifying
angular segments on tank

Same as DPTH above

Array temperatures of payload
nodes

Temperature of space node

Initial temperature on MLI
surface

Temperature of tank wall

Integrand of equation (34)
evaluated at upper limit

Major semi-axis of tank
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FORTRAN
name

XM1

24

Corresponding
mathematical
symbol

m
Ny

Yr

ft

Units in
program

Description

Slope

Minor semi-axis of tank



General program

APPENDIX B

FLOW DIAGRAM

Pre-preprocessor

START START
[ Subrouti :
Pre-preprocessor phase: VI;EI;;Cne Read input data
Read input data and gen-
erate data for pre- Initialize
Subroutine
processor B RAYOUT
|Generate node data block
lP re-processor Phasew Distribute temperatures linearly
from cold to hot vertically
, .
=1 Subroutine &

DISTRT

Execution phase

routine

Execution | |Variables 1]

|

\

Write initial temperatures onto
tape II

Compute areas for normal and
lateral conduction

"~ [Vvariables 2] Subroutine { — _
' CNDCTR Compute radiation view factor in
] subroutine VIEWF
6utput phase - Subroutine Subroutine ) +
tabular output OUTEND GRAFIC | Generate conductor data block|

@ |Generate constants data bloci'
y

lGenerate array data block|

Generate execution, variables 1,
variables 2, and output blocks

Write user subroutines onto data
tape

0t i
EXIT Write end of file

on data tape
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APPENDIX C

DECK SETUP

The following is the deck setup to run this program at Lewis Research Center on the
IBM 7094-7044 Direct Couple System using IBSYS version 13:

ccl cc8 cclé6

$ID JO USER NAME

$TCP TIME=XX, PAGES=YY
$SETUP 10 CIN3G

$IBJOB

FORTRAN IV source or binary decks of pre-preprocessor as described in this report.
(Includes subroutines PREPRE, VIEWFC, RAYOUT, and COMDAT. )

$DATA

FORTRAN IV source cards of user-written subroutines. For this problem these sub-
routines include CNDCTR, OUTEND, DISTRT, GRAFIC, and PUNTEM. Any other
user-written subroutines may be added here.

ENDX
lInput data;as descﬁbe} m appe_nd_lx_E’l
FIBSYS
$REWIND SYSCK2
$SWITCH SYSIN1, SYSCK2
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APPENDIX D

TAPE USAGE

Tape units must be made compatible between CINDA-3G and the computer system.
A table of tape usage presently being used at Lewis Research Center only with the
CINDA-3G program is included to aid in making this compatible with other systems.

SYSUNI FORTRAN Variable Lewis
name number in name in system
CINDA-3G program number
UT3 2 LUT3 14
UT4 3 LUT4 15
UT8 4 LUT1 3
IN1 5 NIN 5
ou1l 6 NOUT 6
UT2 8 LuT2 13
CK1 9 e 10
CK2 10 = eeeee- 16
UT5 11 e 7
uTé6 12 LBD3 1
PP1(LB4) 13 e Calcomp
LB3 14 LB4P 9

Function

Copy of original prob-
lem data

Parameter change data*
Data number definitions
Input

Output

NA-NB pairs, data

number definitions for
parameter changes

CINDA-3G master tape

New master tape if up-
dating, also used as
problem recall data
tape*

Problem store data
tape*

Data tape (original
problem and all param-
eter changes)

System plot tape

Program tape (contains
generated FORTRAN
routines; LINKO,
EXECTN, VARBLI],
VARBL2, OUTCAL)
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SYSUNI FORTRAN Variable Lewis Function

name number in name in system
CINDA-3G program number

uTi 15 LuT? 2 Variables 1 calls gen-
erated from node and
conductor data blocks*

UT9 16 =00 ae—a—a 4
Internal file for reread

UT9 99 0 eeee- 4

LB2 A 8 Overlay tape

The tapes marked by an asterisk need not be assigned if the particular options are not
used. The STOREP option in CINDA-3G requires assigning and saving tapes on units LB3
and UT5. The RECALL option requires assigning and mounting these two tapes onto
units LLB3 and CK2, respectively.
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APPENDIX E

DESCRIPTION AND FORMAT OF INPUT DATA TO PRE-PREPROCESSOR

Input Data Description

CARD 1 FORMAT( 14, 2I3, 7F10.5)

NSEG NO. OF SEGMENTS {MAXIMUM 30)

NPAY NO. OF SURFACES, (SEGMENTS) ON PAYLOAD (MAXIMUM 10)
NSPL NO. OF SHIELDS PER LAYER

DELS THICKNESS OF EACH (SHIELD+SPACER) FT.

TWALL TEMPERATURE OF TANKWALL DEG.R

TSURF TEMPERATURE OF TOP SURFACE OF SHIELD DEG.R

TSPACE TEMPERATURE OF SPACE DEG.R

EMISS EMISIVITY USED IN EQUATION FOR K(EFF),
CONDUCTION IN NORMAL DIRECTION

SPACEE EMISIVITY OF SPACE

RP RADIUS OF PAYLOAD FTe

CARD 2 FODRMAT( 6F10.5, A6)
TCARDS SWITCH- TO READ INITIAL TEMPERATURES

IF TCARDS =0, CARDS WILL NOT BE READ. THE PROGRAM
USES TWALL AND TSURF AND DISTRIBUTES THE TEMPERATURES
BETWEEN THESE TWO VALUES AS THE INITIAL TEMPERATURE
DISTRIBUTION.
IF TCARDS .GT. O THE INITIAL TEMPERATURE DISTRIBUTION
IS READ FROM CARDS, (DEG. R). SEE CARDS 11 BELOW.

X LENGTH DF SEMI-AXIS OF ELIPSE, {(TANKWALL),ALONG X AXIS

Y LENGTH OF SEMI-AXIS OF eELIPSE, (TANKWALL),ALONG Y AXIS

H TANK TO PAYLOAD SPACING FT.

CON1 CONSTANTS USED FOR STRAIGHT LINE CURVE FIT TO COMPUTE

CON2 THERMAL CONDUCTIVITY FOR G VALUES FOR LATERAL
CONDUCTION OF STANDARD NODES. K=CON1=T+CON2.

IEXECN NAME OF EXECUTION ROUTINE CINDSS OR CINDSL

CARD 3 FORMAT( 2110, F10.5)
NPRINT DELTA PRINT, PRINT TEMP. DIST. EVERY NPRINT ITERATIONS
NDAMP CHANG DAMPING FACTOR EVERY NDAMP ITERATIONS
DELDMP DELTA TDO ADD TO DAMPING FACTOR

CARD 4 FORMAT(I8,9F8.3)
CINCON(I) CINDA CONTROL CONSTANTS, AS REQUIRED BY EXECUTION
ROUT INE BEING USED. CONSTANTS INPUT IN ORDER AS
FOLLOWS ACCORDING TO FORMAT GIVEN ABOVE,
NLOOP. ARLXCA, DAMPA, DRLXCA, DAMPD, TIMEO,
TIMEND, OUTPUT, DTIMEI, CSGFAC.

CARDS 5 NTAB, (AKVST(I),I=1,NTAB) FORMAT(I6,12F6.1/(6X:12F6.1))
TABLE OF TEMPERATURE VS. THERMAL CONDUCTIVITY FOR
LATERAL CONDUCTION OF HIGH CONDUCTIVITY LAYERS.
NTAB= TOTAL NO. OF ENTRIES IN TABLE (TEMPS AND K'S)

DATA FORM NTAB TEMP1 K1 TEMP2 K2 === TEMPN KN
UNITS-- K BTU/HR-FT-DEG.R
T DEG.R
CARDS 6 NL NUMBER DF LAYERS IN EACH SEGMENT FORMAT ( NI2)
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CARDS 7 THETAD ANGLE OF EACH SEGMENT, IN DEGREES, IF ALL SEGMENTS

ARE EQUAL INPUT ONLY THE FIRST. FORMAT (N I2)
THE SUM OF THE N ANGLES MUST EQUAL 90

CARDS 8 ON TWO CARDS (10F8.5)

EMISIP(I) EMISIVITY OF EACH PAYLOAD SEGMENT {MAXIMUM 10)
TPAY(I) TEMPERATURE OF EACH PAYLOAD SEGMENT (MAXIMUM 10)

CARDS 9 EMIST EMISSIVITY OF EACH SURFACE, RADIATION (8F10.5)

CARD 10 NHIK NO. OF HIGH CONDUCTIVITY LAYERS {3012}

NUMHIK LAYER NUMBERS WHICH ARE HI COND.

CARDS 11 NNODES IF INITIAL TEMPS READ FROM CARDS - NO. OF NODES

T{I} INITIAL TEMPERATURES, DEG. R ({I8,9F8.1/10F8.1)}

Format of Input Data

12 3 & S|6]|7 8 910 11 12§15 1 15 w5 17 8[19 20 21 22 23 24|25 26 27 28 29 30 31 32 33 34 35 36|37 38 39 40 41 42|43 &b 45 46 &7 Hll;; 50 51 52 53 54i55 56 S7 58 59 60)al 62 6364 65 6667 68 69 70 N 2|73 7. IS V6T I8P M
e BT BOOREEORNENOORRY PEORN ISSSRN RANADE RN MO
. R E 1 oapkeke |y EMISS G omkcEE | (| Rt
xiﬁ. % PRk xR xxad x| xxd | TR xikd Bk xxx| PP xx. xxxl | | Fxx.xxz
I 2
% + + + tx 2 R T N A + ‘Y' L2 I ) ] lH¢ o EE ] 1 l(m 3 B b ‘éohé I R T ] E Ej s 4 F—- )
-+ =4 P{H\xix] i b axa' X~XI [ 1 xxx‘«xnx [ X;-?(?[.l + P X"X«x] b ' =x='=x.x o IC\D A
cam 3 i t [ L LI B T [ ] 1 t1 0 4 LI L T A ] + 1 L2 T | L A R ]
] MP
F+—+ + 4 - [t :xxlx. [ t .x-"lxlx [ BRI oo [ S [T A I R A [ I S (R T TS B
Card |4, ongtants [¢INGON(I)) )
N'L,DOP IAIEA d 'mfx%l ] I Xﬁm LI i |q + o1 4 T + i) Gomm o LD. e S B cmAb3 + %
L, XX . xxxxT . xﬂ LKL xxl T 3,.,xxl T ‘Q,-X(X L .gf.- XX' Co -ﬁu.x;x. N ﬁ,-,x?( . .x‘.)x;x]
Y i Paublet X w3 T for high-conductivity modes , | ., L o0 L L L
’% 1 T2, LK T3 K3 Ty K4 IT5 ' [Ks + «|T6 &6 x|
——t - X XT"]‘ 'X'-’X K | nxn‘»x Tisl .X.'?( K«B‘ |X|' X (Y |Xu'lx [ «Xt'tx () vxv'x [ IX'.'X'ITW ' |X='¢x qu_ v :X:' «x P -OEL}'
7ol ozl xax| S xR et L ...x.-.xr(.ux«-.x NEAB. - 2l%¥
Card = + tl . ' 1 ' [ ) L I B | [ 3 A et o I L T S I N I L ) ¢ LIS N | %
xx[x‘xlm.xl.XI.x.X|.-.-.-.~...(IWL(I)AIFL,.NSE.G)..‘.._’.H, .....

Car 71 ) L e S T T T R T S S S S S T S T S R R S T T S S T EY S SN S SR Y SN S S S S R S R L S DT B SR T SN ST ] R S S S ]
exboxd [ x| %l 2 ool | (mmmoco, 1 b mese [

Cards |8

-2 T N AU I S AT It :

Lo xxl|xx) L XXX ] XX XX e .@E@%EPLIL Fel AR, 0L

co XL XX Xx] ) XXGXX] -o-, (TRAY(Z). T s 1, NRAD) B T

Cards |9

DR =2 B L DO =2 Bt IO RE S R0 DU DR BURUSS FOU DO ;

| it l°-¢ 4 S T e e I T O L A e T R O D 2L T T D S S A U T T A N SO S R R A A I R O O A |
R

X .XIX_[,XIX.XIX’.}H’». v'l‘-'-L(« B;(}I),, I?l;mm)..lw...y.__;.'.. o oo IR | ey o

| Cerde | 13,  BNODES (T(T), T < 1, JWODES)(initiel.temperatures) = . R N T RS R

e x| xxexa L xxedd L xmexal x| ekl x| xxexd | xxex

L XX pxl, o xxexxt,poxxexxl oL S T T N N R

- S SRS

12 s 6 5lelr 89100 |2||5 W15 16 17 18[19 20 2|22252Azszoz7zszosc15| 32 33 54 35 36/37 38 39 L0 &l 4Z{L3 456 65 46 47 LBILO 50 51 52 53 5555 56 57 5B 59 606l 62 6364 65 66/67 68 69 70 1 72{T3TL TS 6 7T 7879 8

cD-g729

NASA-C-836 [REV 9-14-59)
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SH

APPENDIXF

INPUT DATA FOR SAMPLE PROBLEM

SHIELYING STUDY CONFIGURATION WO. 24

185, .742 178, .730 17S. .720 180. .?711 185.
195. .687 200. .683 205. .675 =2t9. .é72 215,
225, .862 230. .660 235. .658 240. .635
2422d3R201717151311 8

27154 9 6 6 &6 4 4 4

.11 .11 .11 .11 .11
s20.fo $20.0 520.0 S20.0  520.0
. 024 . 024 . 024 . 024 . 024 . 024
.904 .909
| & syyt3ts

OUTPUT FOR SAMPLE PROBLEM

IELDING STUDY CONFIGURATION NO. 24

Yy Y A S I X I R S T R TR R R S Y X
. .
« PAYLOAD NODES *
*+ NODE NOS 179 180 181 182 183 =
» .
« TEMPS= 520.00 520.00 520.00 520.00 520.00 =
+ EMISIV= 0.1100 0.1100 0.1100 0.1100 0.1100 =
A ERNE AR R AR AR N AR AR DR R AR R BR AR RN RR AR RE RN AR BB RERR RN

ANGLE OF EACH
SEGMENT(DEG. )

27.0 15.0 9.0 9.0 6.0 6.0

EMISIVITY OF
EACH SEGMENT
0.0240 0.0240 0.0240 0.0240 0.0240 0.0240 0.9000

TANK TO PAYLODAD SPACING= 0.8175 FT.
LAYER

NO.

24

23

22

21

AREERRENN
] 25 o
® 340,27+
EBEFRR RS
* 24 =
®» 331,26%
ERRRERABLRRARRERRRES
[ 23 = 48 o
® 321.44% 317.63%
ARBRERRRRRERRRREES
» 22 = 47 ®
* 310.72% 306.TT»

165 S .0018667 37.0 235.0 .0 0.24 T 1.0
4.571 3.233 0.8175 .000v4? L0045 T CTINDSS

i2s 2000 0.1 T

9993 .u000t 0.1 o
1494 37. .8 48. .373 43. .913 30. .s78 33. 1.010

62. 1.035 64. 1.065 66. 1.0875 68. 1.105 70. t.112
?4. 1.116 ?5. 1.117 76. 1.116 ?8. 1.114 80.  f.112
84. 1.0390 86. 1.085 88. 1.072 90. 1.u062 95.” 1,040
ig5. .983 11e. .935 1iS. .925 i=28. .908 125.7 ".880
135. .837 148. .819 145, .808 150. .785 133.7

770
.700
668

300

60,
2.
82.
100,
130.
160,
190,
220,

® % K kX K ¥ B

1.048
1.114
1.105
1.018
.857
.757
.635
.6869

380

RESHRERRRREFREERTRERR

SPACE

NODE

NO. 184

TEMP= 0.

EMISIV 1.0000

'TEERE.

ERAERRABRERERETRRS

0.9000

0.9000

0.9000
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TANKWALL
SURFACE

32

20

19

18

17

16

15

14

13

12

11

10

FRBERER AL R RS ERAAR R AR R R R AR ERR AR

o 21 e 46 o 69 e 90 o

® 238.88% 294.54% 286.25% 262.06=

REEERR R AR ER R RERA BB AEE R LR ARG ERRRE

. 20 o 45 o 68 o 89 =

® 2B85.58% 280.90% 272.16% 252.,90#

EREERRERAREAE ARSI R R AR RA AR ERERSR RS

) 19 o 44 = 67 o 88 =

® 270.27% 265.30% 256.60% 240.99+

I Y Y Ty T Y Y N E Y Y YY)

(] 18 o 43 = 66 @ 87 =« 108 o 126 =

® 252.,02% 246.77T% 238.48% 225.46% 215.58% 195.77+

AR R B RN RR B AR R R R RERARE R RS ERARARRRERR RN E RN

. 17 = 42 » 65 e 86 = 107 125 e

® 228.92% 223.24% 215.80% 205.86* 197.55% 186.02=

AR RAR AR AR BN R RN B IR R AR R EER ARG R AR R ARRSRR AR 22538385858S

L] ~-16 » —-4]1 = -64 o -85 @ <106 ® -124 0 =142 o

® 135.88% 188.96% 183.10% 178.40% 173,98 170,70% 167.44»

ARBERAARRRE SRR RER SR SR AR R EREERFAFAER AT R SRR ERBRERRAERAEFRAERES

L] 15 = 40 63 o 84 = 105 = 123 + 141 o

* 176.08% 170.70% 166.28% 162.63% 159.38% 156.82% 154,65+

EEBERA R SR RRRRERRR R AR R ER AR DS RAERAEFAUREERRRRRARRR B R AR AR AR ERS 355588 S

L] -14 o -39 e -62 = -83 ®» -104® ~122 ® -140 ® -156 e

® 146,57+ 143.90% 141.98% 140.39% 138.87+* 137.60% 136.23% 134.96%

HREBFRAERRERRERREREREAREETRAREEFRAFRRREARARAB R RSB ERRER SRR BRRER LN

[ 13 = 38 » 61 82 o 103 e 121 o 139 = 155 o

® 131.96% 130.02% 128.59% 127.33% 126,17% 125.,16% 124.16% 123.49+

RN BRI EE AR AR R R ER R AR ERE R R RN B R R R AR AR RGN R E R SRR R AR RN ERAARR R R RN RS S5585SS

o -12 e ~-37 o -60 o -8l ®» -102 e -120 e -138 e -154 @ -168 e

@ 110.36% 109.60% 108.99#% 108.42% 107.84% 107.29% 106,67+ 106.05% 105.40%

FRREERNERASAER AR B RAEREERRETTRRRERRRARERAR R ERR RS SFERERRAFRERR SRS R AR AR REEREREN

L] 11 e 36 o 59 = 80 e 101 = 119 137 e 153 e 167 o

* 132.06% 101.46* 100.94%* 100.45# 99,96%# 99.51% 99,04* 98.65% 98.51=

IZI 2SS 222 RS SIS LR 2222 R 22 X A X XX Rl a2 222222222222t

# 10 = 35 o 58 e 79 o 100 o 118 e 136 o 152 » 166 =

e 931,32 90.88#% 90.47¢# 90.09% 89,72« 89.38% 89,04« 88.7I« 88.72+

HRFEER B R ERERRBRE R RRE RS R R AR B E R AR AR ERRF SR RER AR B ERR RS ERREREA R R RN RN RE888888S

* -9 = ~34 » -57 o -78 = -99 ® =-117 #= -135 % -151 ®» -165 e -177 e

o T4,T74% T4,55% T4.37% 74.18% 73,98+ 73.76% T73,51» 73.20% 73.00= 72.81+#

HEUERAEEERREEFERRRERARTERERBAEBABRERRERBRRAREFRRBERRERANBARRBERRRRRERERRERRARERRERNRRAEERE NS

* 8 = 33 e 56 = 77 e 98 e 116 = 134 o 150 e 164 e 176 =

x T2.04% T1.89% 71.74% T1.60% 71.45% T1.31* 71l.15# 71.08# 71.03% 70.99%

ERBEEBERERREREREREERREARFARERERBERRRRERRARABEFRRERFFREARAERAAETREEAEE R RERER R XA SR ARERRERRER

* 7 = 32 » 55 e 76 97 e 115 o 133 » 149 e 163 = 175 o

®» 59,13« 69,02+ 68.91% 6£8.80% (68.69% 68.65% 68,60 68B.57# 68.54% 68.53%

EAREXGERRRERRBRER B AR ANE SRR ERERTERAETERENRRERAREEREERRRRFETRNDEERERERERERLNEERENEREN

* 6 o 31 = 54 e 75 e 96 = 114 o 132 » 148 » 162 o 176 o

* 55,93% 65,85+ 65.78% 65,71% 65,65% 65.63% 65,61% 65.60*% 65.59% 65,58

FERRERERRDLERRERERRE R R R EREERERBREREFREFEE R RRRERRAREFERERRRRAARBRAERTRER AR RRABERR B ERRREN

* 5 e 30 53 e T4 o 95 e 113 = 131 = 147 161 e 173 o

® 52,27+« 62.22% 62.18% 62.14* 62.11% 62.10% 62.09% 62.08% 62.08% 62.08»

AZFERXAARR R FRERAFFEXARE AR RRBFERERRRE RS R R BB ARER B RRERERAFEEFRERRERERBHARRERFERARER BN

* 4 = 29 = 52 ® 73 o 94 e 112 = 130 = 146 = 160 o 172 o

= 57.90% 57.87» 57.84% 57,83=% 57,82% 57.81% 57.81% 57.80% 57.80% 57.80#

EXIZE S ET R RS RS2SRRSR RS RSS2 2RSSR 2 2 X 22X 2SR R SRR X2 XSRS X R RZE 2]

* 3 = 28 e 51 e 72 93 o 111 = 129 » 145 o 159 o 171 o

® 52.30% 52.28% 52,27% 52.26% 52,26% 52,26% 52.25% 52.25% 52.25% 52,25+

ERERRERERAEFRRSRAR SRR AR AR B R B RERRRREEAR AR BREERERRARERRBERRERSRBRERRERRFRERRERESRERETERERER

= 2 o 27 o 50 = 71 » 92 = 110 o 128 = 144 o 158 e 170 »

*  43,98% 43,97# 43.97% 43,97¢ 43,96% 43.,96% 43,96% 43.96% 43.,96% 43,96+

HERRBRERREBERFAEFRBRERABPFEBFREAERRER BB AR AR R R T HBARAFEFETRSGEFRAREERERAREARRRERER AR AREREN

1 26 49 70 91 109 127 143 157 169

37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00

SRERBERTRERIREERAR

-

® TANKWALL .
e NODE ND.= 178 e
= TEMP.=  37.00 e
[ ] [ ]
#ESRABTREFERBERARERTR




NO. S

m
[}

OVENCVHPWN M

—

SUMMATION

QTs

0.06936889
0.10318061
0.09149027
0.04330576
0.04622486
0.00980636
-0.20052147
-0.09447652
-0.04718843
~0.01882567

0.23647TE-02

SHIELDING STUDY CONFIGURATION NO.

QNORM

0.00018959
0.00029260
0.00025254
0.00032500
0.00023741
0.00027727
0.00028314
0.00018922
0.00019050
0.00018001

0.24173E-02

24

QTS=8

0.55495113
0.82544488
0.73192215
0.34644613
0.36979891
0.07845092
-1.60417175
~0.75581217
-0.37750745
-0.15060541

0.18917E-01

QNORM=8

0.00151672
0.00234082
0.00202030
0.00260004
0.00189930
2.00221822
0.00226517
0.00151382
0.00152403
0.00144006

0.19339E~-01

33



APPENDIX G

FORTRAN LISTINC OF AUTHOR-WRITTEN SUBROUTINES

$IBFTC PREPRE

C
c

34

COMMON/BCD/ NBCD({60)

COMMON /TAPE/NIN,NOUT,LCK2
COMMON /RADIOD/ NSEGyNPAY NSURF4X,Y,HeRP+ THIKNsPIEsSLAY(90),

1 THETAD(30),A(41),AFA(1681)

DIMENSION ID(14),BTA(31),ERAD(31),THETA(30),F(30),ITEST(50),NL(30)

DIMENSION ARCULN(30),AREAL(30),NSNOD{(30),NUMHIK(30),C(36)

DIMENSION AKVST(200), EMIST(41), TPAY(10), EMISP(10)

DIMENSION ISTMT(14), T(1545), CONNAM(10)s CINCON(10}

DIMENSION IFMTL(T7}, IFMT4(4)s IFMTH(5)

DIMENSION Z1(9),221(9)423(9),24(9),25(9),26(9),27(9)},281(9)

DIMENSION Z91(9),210{91),211(9)

EQUIVALENCE (NNSEG,C) s (NNPAYLC(2)),{NSURFS,C(3))+(MNODES,C{%)),
(MAXNLsC(5))s (NPRINT,C(6) )y (NDAMP,C(T}),(NNL,C(8B)),(NAREAL,C(9)),
(NAREAN,C(10) ), (NARCLN,C{11)3,(NTHETA,L{12)),(NITEST,C(13)},
(NKHIC»CU14) )¢ (NEMISS,C(15) )+ {NAFA,C{16))+(NSNT,C(17)),
(SIGMA,C{21) ) (DPTH,C(22) ), (DELS+sC(23) )¢ (EMISS,C(24)).
(CON1,C125) ), {CON2,C(26)) o (DELDMP,C(27)),

{TABS,C{29) ), {HIKCON,C(30}),IPSWTCH,C(31)), (RAD,C(32))
vy (HH, C(33))

DATA IFMT1(1)/ 42H( 12/ F2.0/{10F8.5)} /

DATA IFMTH{1)/ 30H{7X,17HBCD 3THERMA 256X ) /

DATA CONNAM(1)/60H NLOOPARLXCA DAMPADRLXCA DAMPD TIMEOTIMENDOUTPUT

1DTIMEICSGFAC /

DATA ISL,IWBK,IBACK, IVARBs ISPS,ILPS, IENDX

1 /6HCINDSL,6HCNFWBK, 6HCNBACK y 6HCNVARB, 6HL SPCSs6HL LPCS»6H ENDX /
DATA M1, ONE, ONEM, TEN20, PI, TABS, SIGMA

1 /1, 1.0y -1.05y 6Hl.E+20, 3.14159265, 460.0, 0.173E-8 /

DATA

XK XX X XX X

1 Zi(1)/ 54H NL, NO. OF LAYERS IN EACH SEGMENT /
2,22(1)/ 544 AREAL, AREA, LATERAL CONDUCTION, EACH SEGMENT (HORIZ)/
3,23(1)/ 544 A, AREA, NORMAL CONDUCTION, EACH SEGMENT (VERT) /
4+24(1)/ 54H ARCLN, ARC LENGTH, LENGTHS FOR LATERAL CONDUCTION /
5,25(1)/ 54H THETA (DEG.)s, ANGLE OF EACH SEGMENT /
6,2Z6(1)/ 54H ITEST, NEGATIVE NO. IS HI-COND. LAYERs LATERAL CONDCT/
TyZ7(1)/ 54H AKVST, K(BTU/HR.FT) VS T(DEG R) FOR HI-K LAYERS /

8,28(1)/ 54H EMIST, EMMISIVITY OF SHIELD, RADIATION. /
9,29 (1)/54H AF, AREA#VIEWFACTOR FOR RADIOSITY, FOR EACH SEGMENT /
AyZ10(1}/54H TABLE OF SURFACE NODE NUMBERSy SURFACE EACH SEGMENT /
PIE=PI

P104= P1/4.

NIN= 5

NOUT= 56

LUT3=2

LCK2=1D

LUTS= 11

REWIND LCK2

REWIND LUT3

REWIND LUTS

DO 12 I=1,10

12 CINCONII)=0.
WRITE EXECUTE, ID, IBJOB CARDS, THEN ALL CINDA3G PREPROCESSOR

O ONCVHWON -
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CARDS ONTO TAPE SYSCK2 (9)

WRITE({LCK2,2000)

READ PRE~PREPROCESSOR DATA AND GENERATE CINDA DATA

I=1
1 READI(NIN,2018) ISTMT
WRITE(LUT3) ISTMT
IF(ISTMT{(2) .EQ. IENDX) GO 70 7 )
I= [+1
GO T0 1
7 NSTMTS= 1
REWIND LUT3
READ{NIN,1000) ID

INPUT DATA DESCRIPTION N
CARD 1 FORMAT( 14, 213 7F10.5)
NSEG NO. OF SEGMENTS (MAXIMUM 30)
NPAY NO. OF SURFACES, (SEGMENTS) ON PAYLDAD (MAXIMUM 10)
NSPL NO. OF SHIELDS PER LAYER
DELS THICKNESS OF EACH (SHIELD+SPACER) FT.
TWALL TEMPERATURE OF TANKWALL DEG.R
TSURF TEMPERATURE OF TOP SURFACE OF SHIELD DEG.R
TSPACE TEMPERATURE OF SPACE DEG.R

EMISS EMISIVITY USED IN EQUATION FOR K(EFF),
CONDUCTION IN NORMAL DIRECTION

SPACEE EMISIVITY OF SPACE

RP RADIUS OF PAYLOAD FTa

CARD 2 FORMAT( 6F10.5, A6)
TCARDS SWITCH- TO READ INITIAL TEMPERATURES

IF TCARDS =0, CARDS WILL NOT BE READ. THE PROGRAM
USES TWALL AND TSURF AND DISTRIBUTES THE TEMPERATURES
BETWEEN THESE TWO VALUES AS THE INITIAL TEMPERATURE
DISTRIBUTION.
IF TCARDS +GT. O THE INITIAL TEMPERATURE DISTRIBUTION
IS READ FROM CARDS, (DEG. R). SEE CARDS 11 BELOW.

X LENGTH DF SEMI-AXIS OF ELIPSE, {(TANKWALL),ALONG X AXIS

Y LENGTH OF SEMI-AXIS OF ELIPSEs (TANKWALL),ALONG Y AXIS

H TANK TO PAYLOAD SPACING FT.

CON1 CONSTANTS USED FOR STRAIGHT LINE CURVE FIT TO COMPUTE

CONZ2 THERMAL CONDUCTIVITY FOR G VALUES FOR LATERAL
CONDUCTION OF STANDARD NODES. K=CON1#T+CON2.

IEXECN NAME OF EXECUTIDON ROUTINE CINDSS OR CINDSL

CARD 3 FORMAT( 2110, Fl10.5)
NPRINT DELTA PRINT, PRINT TEMP. DIST. EVERY NPRINT ITERATIONS
NDAMP CHANG DAMPING FACTOR EVERY NDAMP ITERATIONS
DELDMP DELTA TO ADD TO DAMPING FACTOR

CARD 4 FORMAT(IB8,9F8.3)
CINCON(I) CINDA CONTROL CONSTANTS, AS REQUIRED BY EXECUTION
ROUT INE BEING USED. CONSTANTS INPUT IN ORDER AS
FOLLOWS ACCORDING TO FORMAT GIVEN ABOVE,
NLOOP, ARLXCA, DAMPA, DRLXCA, DAMPD, TIMEOD,
TIMEND, OUTPUT, DTIMEI, CSGFAC.

CARDS 5 NTAB, (AKVST(I),I=1,NTAB) FORMAT(I6,12F6.1/(6X,12F6.1))
TABLE OF TEMPERATURE VS. THERMAL CONDUCTIVITY FOR
LATERAL CONDUCTION OF HIGH CONDUCTIVITY LAYERS.
NTAB= TOTAL NO. OF ENTRIES IN TABLE (TEMPS AND K'S}

113
114

35



C
c
c
C
c
C
c
C
C
c
c
c
c
c
c
c
c
C
c
c
c
c

36

DATA FORM NTAB TEMP1 K1 TEMP2 K2 --- TEMPN KN
UNITS-- K BTU/HR-FT-DEG.R
T DEG.R
CARDS 6 NL NUMBER DF LAYERS IN EACH SEGMENT FORMAT ( NI2)

CARDS 7 THETAD ANGLE OF EACH SCGMENT, IN DEGREES, IF ALL SEGMENTS
ARE EQUAL INPUT DNLY THE FIRST. FORMAT (N 12)
THE SUM OF THE N ANGLES MUST EQUAL 90

CARDS 8 ON TWO CARDS (10F8.5)
EMISIP(I) EMISIVITY OF EACH PAYLDAD SEGMENT (MAXIMUM 10)
TPAY(I) TEMPERATURE OF EACH PAYLODAD SEGMENT (MAXIMUM 10)

CARDS 9 EMIST EMISSIVITY OF EACH SURFACE, RADIATION (B8F10.5)

CARD 10 NHIK NO. OF HIGH CONDUCTIVITY LAYERS {3012}
NUMHIK LAYER NUMBERS WHICH ARE HI COND.

CARDS 11 NNODES IF INITIAL TEMPS READ FROM CARDS - NO. OF NODES
T(I) INITIAL TEMPERATURESs DEG. R (I8y9F8.1/10F8.1)

READ(NINy1001) NSEG,NPAY ,NSPL,DELS, TWALL s TSURF+TSPACE+EMISS,
1 SPACEE,RP,TCARDS Xy Y yHyCONL,CON2, IEXECN,NPRINT, NDAMP,
2 DELDMP,CINCON
DPTH=DELS*FLOAT (NSPL)
THIKN= DPTH
FH=H .
ANSEG=NSEG
ANPAY= NPAY
TNODE=D.0 :
READ(5,1003) NTAB, {AKVST(I),I=1,NTAB)
HIKCON=AKVST (NTAB)
IF(NSEG.GT.30) NSEG=30
IFMT1(2)= NBCD(NSEG)
IFMT1(4)= NBCD(NSEG)
READ(NIN, IFMTL) (NL(I),I=1,NSEG),{THETAD(I),E=1,NSEG),EMISP,TPAY
READ(NINy 1004) (EMIST{I),I=1,NSEG)
READ{NINy 2002) NHIKs (NUMHIK{I)¢I=1,NHIK)
NSURF= NSEG + NPAY + 1
NSURFS=NSURF
NOFA= (NSURF#*(NSURF+1)/2)+2
J=NSEG+1
MAXNL=)
DO 201 I=1,NSEG
201 IF(NL(I) .GT. MAXNL) MAXNL=NL(I)
DO 200 I=J,NSURF
M=I-J+1
200 EMIST(I)= EMISP(M)
EMIST(NSURF)=SPACEE
DO 2 I=1,50
2 ITEST(I)= I
IF(NHIK .LE. O) GO TO 4
D0 3 I=1,NHIK
M= NUMHIK(I)
3 ITEST(M)= -ITEST(M)
4 CONTINUE
IFMTH{ 4)=ISPS
IF(IEXECN .EQ. ISL .OR. IEXECN .EQ. IWBK .DR. IEXECN .EQ. IBACK
1 .OR. IEXECN .EQ. IVARB) IFMTH(4)=ILPS
IF(THETAD(2) .GT. 0.) GO TO 5
DO 6 1=2,NSEG
6 THETAD(I)= THETAD(1)

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
i53
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155
156
157
158
159
160
161
162
163
164
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166
167
168
169
170
171
172
173
174
175
176
177
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o000

[z EaXgl

5 BTA(1l)= O.
D0 9 1I=2:NSEG
9 BTA(I)= BTA(I-1) + THETAD(I-1)
BTA(NSEG#1)=90.0
WRITE(LCK2, IFMTH)
WRITE(LCK2,2001) ID
NSEGPl= NSEG+1
7001 NNL= 1
7002 NAREAL= NSEG+2
7003 NAREAN= NAREAL+NSEGP1
7004 NARCLN=NAREAN+NSURF+1
7005 NTHETA= NARCLN+NSEGP1
7006 NITEST=NTHETA+NSEGP1
7007 NKHIC= NITEST+51
7008 NEMISS= NKHIC+NTAB+1
7009 NAFA=NEMISS+NSURF+1
TO10 NSNT=NAFA+NOFA+1

GENERATE NODE DATA
NODE NO. FOR SPACE IS
NODE NO. FOR FIRST PAYLOAD NOD
NODE NO. FOR TANKWALL IS

SHIELD NDDES

WRITE({LCK2,2032)
101 NNODES=0

GENERATE INTERIOR NODES

DO 10 I=1,NSEG
10 ANODES= NNODES + NL(I)
NINSN=NNODES

ADD NO. OF SURFACE NODES TO NNODES,

NNODES=NNODES+NSEG
TEMP= TNODE

WRITE(LCK2,2003}M1 ,NNODES,M1

TANKWALL NOOE

NNODES= —-NNODES-1
TEMP= TWALL
WRITE{LCK2,2004) NNDDES, TEMP,ONE
PAYLOAD NODES (BOUNDARY NODES)
DO 105 I=1,NPAY
NNODES=NNODES-1
TEMP=TPAY(I)
WRITE(LCK2,2004) NNODES, TEMP,ONE
105 CONTINUE
NODE FOR SPACE (BOUNDARY NODE)
ANODES = NNODES-~1
TEMP= TSPACE
WRITE(LCK2,2004) NNDODES.TEMP,ONE
104 WRITE(LCK2,2007)
NNODES= [ABS (NNODES)
IF(TCARDS .EQ. 0.) GO TO 115

NNODES

E IS (NNODES-NPAY)

(NNODES-NPAY-1)

SURF NDDES ONLY ALONG TANKWALL

+ TEMP 4 ONE, ONE, ONE, ONEM

178
179
180
181

183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

224
225

227
228
229
230
231
232
233
234
235
236
237
238
239
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READ(NINs 1005) NNSPCHs (T (I)e I=1+NNSPCH)

GO 70 110
115 CONTINUE
N=0
IF(TSJURF) 207,207,208

CONSTANT INITIAL TEMPS

o000

207 TS=ABS({TSURF)
DELT=0.0
GO TO 205

(N eNe]

208 DELT=(TSURF-TWALL)/FLOAT (MAXNL)
TS=TWALL
205 DO210 I=1+NSEG
NLAY=NL (1) +1}
N=N+1
T{N)=TS
DO211 J=2.NLAY
N=N+1
T(N)=T(N-1) +DELT
211 CONTINUE
210 CONTINUE
DO 212 I=1.N
212 T{I)=T{({I1)-TABS
110 T(NNODES)=TSPACE -TABS
M=NNODES~NPAY-1
DO 213 I=1.NPAY
J=M+1
213 T(J)=TPAY(I)~TABS
T(M)=TWALL-TABS
WRITE(LUTS5) (T(I),I=1,NNODES)

COMPUTE AREAS FOR LATERAL (HORIZ),

ARRAY 2 AND ARRAY 3 RESPECTIVELY.

OO0

80 CONTINUE
ASQ=X=X
BSQ=Y»Y
ASQBSQ= ASQ=*BSQ
ERAD(1)=Y
K=0
DO 20 I=1,NSEG
ANGl= BTA(I)
ANG2= BTA(I+1)
THETA{I)= THETAD(I)#0.01745329
M= THETAD(I)
DLAY=NL(I)
DO 81 L=1,M
K=K+1

81 SLAY(K)=DLAY
ANG2= ANG2%#0.01745329
SINAL= SIN(ANG2)
COSAL= COS{ANG2)
$SQ= SINAL#%2
CSQ= CDSAL#»2

DISTRIBUTE TEMPS BETWEEN TWALL AND TSURF

AND NORMAL

ARRAY ARCLNe LENGTHS OF NODES, IS ARRAY 4,

(VERT),

ERAD{I+1)= SQRT{ASQBSQ / (BSQ#S5SQ + ASQ#(CSQ) )

DMLEI= DPTH=FLOAT({NL(I))}
Rl= ERAD(I)+DMLI
R2= ERAD(I+1)+DMLI

38

CONDUCTORS

PUT AREAS INTO ARRAYS AREAL, AND AREAN AND DUTPUT IN ARRAY DATA AS

240
241
242
243
244
245
246
247
248
249
250
251
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253
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256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303



RAD= (R1+R2)7/2.

ARCLN(I)= RAD#THETA(I)

SMALLR= R2# SINAL

ENDW= SMALLR# PIO4

AREAL(I)= ENDW e DPTH
20 CONTINUE

CALL VIEWF

GENERATE CONDUCTOR DATA , ALL CONDUCTANCE VALUES WILL BE COMPUTED
IN VARIABLES 1 (THEREFORE 1.0 WILL BE USED
IN THIS ROUTINE FOR C.)

WRITE(LCKZ2,2005)
NORMAL CONDUCTORS IN SHIELD

a0 OO0

NODA=1
NCOND=1
DO 11 I=1,NSEG
NLAY=NL (1)
NODB=NODA+1
WRITE({LCK2,2006)NCOND,NLAY,M1,NODA,M1,NODB+M1s ONE+ONE+ONE s DONE
NODA=NDDA+NLAY+1]
11 NCOND=NCOND+NLAY

LATERAL CONDUCTORS IN SHIELD

OO0

NQODA=2
DO 15 I=2,NSEG
NLAY=NL(I)
NLM1P2=NL (I-1)+1
NODB=NIDA+NLM1P2
WRITE(LCKZ2,2006)NCONDyNLAYyM1,NDODA,M1,NODB,M1,0NE,ONE,ONE,ONE
NODA=NDDB
15 NCOND=NCOND+NLAY

CONDUCTORS FROM EDGE OF SHIELD TO TANKWALL

[gNeNp]

NODA=D
NODB=NNODES—-NPAY-1
NCOND=NCOND-1
144 DO 14 I=1+NSEG
NODA=NODA+1
NCOND=NCOND+1
WRITE(LCK2,2026) NCOND,NODA,NODB,TEN20
14 NODA= NODA+NL(I)

COMPUTE TABLE OF SURFACE NODE NUMBERS

OO0

NODA=)
D0 16 I=1,NSEG
NODA= NODA+NL(I)+1
NSNOD(I)= NODA
16 CONTINUE
J=NSEG+1
JJ=NNODES-NPAY-J
DO 162 I=J,NSURF
162 NSNOD(I)=JJ+1
WRITE(LCK2,2007)
c
C GENERATE CONSTANTS DATA
C
WRITE(LCKZ2,2008) (1.C(I),.1I=1,20)

304
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308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
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336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
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WRITE{LCK2,2024) (I,C(I),I=21,28)
WRITE(LCK2,2010) (I,C{I)»1=29,36)

WRITE(LCK2,2022) (CONNAM(I)},CINCON(I),I=1,10)}

WRITE{LCK2,2007)
GENERATE ARRAY DATA BLOCK

TO OUTPUT ARRAY CALL SUBROUTINE RITARY(N,AsNOsNF,ZN}

WHERE N=ARRAY NUMBER
A=ARRAY TO BE PUT

NO= NUMBER OF ELEMENTS IN THE
NF=1 IF ARRAY IS FLOATI
NF=2 IF ARRAY IS INTEGE
ZN=BCD ARRAY WHICH BECOMES A TITLE FOR

NF= EITHER 1 OR 2

ARRAY N.

WRITE{LCK2,2009)

CALL RITARY(14NLyNSEGy2,21)
CALL RITARY(2,AREAL,NSEG,1,22)
CALL RITARY{34AsNSURF41+23)
CALL RITARY(4,ARCLNyNSEG:142Z4)
CALL RITARY(5,THETADsNSEG, 1,25}
CALL RITARY(6,ITEST, 50 42426)
CALL RITARY(7,AKVST,NTAB,1.27)
CALL RITARY(8,EMIST,NSURF,1,28)
CALL RITARY (9,AFA,NOFAy1+29])
CALL RITARY{109sNSNODyNSURF42,210)
WRITE(LCK2,2007)

GENERATE EXECUTION BLOCK

WRITE (LCK2,2012)
WRITE(LCK2,2020)
WRITE(LCK2,2033) IEXECN
WRITE(LCK2,2007)

GENERATE VARIABLES 1 BLOCK

WRITE(LCK2,2015)
WRITE(LCK2,2007)

GENERATE VARIABLES 2 BLOCK

WRITE(LCKZ2,2014)
WRITE(LCK2,2031})
WRITEILCK2,2007)

GENERATE JUTPUT CALLS

WRITE(LCK2,2016)
WRITE{LCK2,2029)
WRITE(LCK2,2028)
WRITE(LCKZ,2025)
WRITE(LCK2,2030)
WRITE(LCK2,2007)

WRITE SUPPLIED SUBROUTINES ONTO TAPE LCK2

WRITE(LCK2,2017)
DO 60 I=1,NSTMTS
READ(LUT3) ISTMT

60 WRITE{LCK2,2018) ISTMT
WRITE(LCK2,2019)
REWIND 2
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401
402
403
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C

C WRITE SWITCH SYSIN1 TO SYSUT6, TO READ CINDA DATA BY CINDA

c

END FILE LCK2
WRITE(LCK2,2021)
END FILE LCK2
END FILE LCK2
END FILE LCK2
REWIND LCK2
WRITE{NOUT,5000)
5000 FORMAT(51H END OF PREPRE PGM. NOW SWITCHTO .INPUT FOR PREPRO)
WRITE{5+5001) NSTMTS
5001 FORMAT (45H NO. OF STATEMENTS IN SUBROUTINES LOADED = I5)
CALL EXIT
READ(NIN,1000) ID
1000 FORMAT(13A6,A2)
1001 FORMAT(I4,213,7F10.5/6F10.5,A6/7/2110,F10.5/18,9F8.3)
1002 FORMAT({3012)
1003 FORMAT(I16,12F6.17(6Xs12F6.1))
1004 FORMAT({8F10.5)
1005 FORMAT(I8,9F8.1/{10F8.1))
2000 FORMAT(20HSEXECUTE I18J0B, 64X /
1 34HSID COWGILL PREPRDO, 50X/ 6HS$IBJOB ,78X /
2 2THSIEDIT SYSCK1ySCHF2 457X /7 13HSIBLDR PREPRD ,71X /
2 13HS$IBLDR TAPDEF,71X/ 13HSIBLDR FVIO. »7LX/
3 27HSDRIGIN ALPHA,SYSLB2 ,57X / 13HS$SIBLDR GENLNK ,71X /
4 27HSORIGIN ALPHA,SYSLB2 57X / 13HSIBLDR PSEUDO ,71X /
5 13HSIBLDOR PACK43 , 71X / 13H$IBLDR ORMIN , 71X /
6 27THSDRIGIN ALPHA,SYSLB2 ,57X /
T 13HSIBLDR CODERD , 71X / 13HSIBLDR DATARD o 71X /
8 27HSIRIGIN ALPHA,SYSLB2 57X /7 13HSIBLDR PRESUB ,71X /
9 13HSIBLDR CINDA4 , 71X / 13HSIBLDR SEARCH, 71X /
A 27THSIRIGIN ALPHA,SYSLB2 457X / 13HSIBLDR COPYSB, 71X /
B 13HSIBLDR LOCATE , 71X / 13HSIBLDR FIBLDR *y 71X /
C 13HSIBLDR READTP , 71X /7 13HSIBLDR CIN90 .+ 71X /
D 27HSORIGIN ALPHA,SYSLB2 +57X / 13H$IBLDR INITAL , 71X /
E 27HSORIGIN ALPHA,SYSLB2 ,57X / 13H$IBLDR FINAL 4 71X /
F 27HSORIGIN ALPHA,SYSLB2 ,57X /
G 13HSIBLDR SKIP o 71X / 13HS$IBLDR SPLIT , 71X /
H 5HS$DATA , 79X / 80X )
2001 FORMAT(7Xs5HBCD 949A6,14X/7X¢5HBCD 5,5A6,38X/7X,3HEND, 70X )
2003 FORMAT(
1 7Xe4H4GEN +I1lolHy 9149 1Hy oI1ly1lHy9FTe291HysF3e1l9lHysF3.191lH,y,F3.1,
2 1H,y,F4.1,36X)
2004 FORMAT(11X,I541HysF6.151Hy,F4e1,52X)
2005 FORMAT(7X,19HBCD 3CONDUCTOR DATA ,54X)
2006 FORMAT(7X+4HGEN »7(I451H,)93(F3.141Hs)»F3.1,19X)
2007 FORMAT(7X,3HEND,70X)
2008 FORMAT(T7X,19HBCD 3CONSTANTS DATA,54X /
1 (11Xy4(I341Hy315,1Hy3)313s1Hss15,20X))
2009 FORMAT(7X,15HBCD 3ARRAY DATA,58X)
2010 FORMAT({11Xs3(I12+1Hs9F1l3.5+1Hse)s1241HssF13.5,2X))
2012 FORMAT(7X,14HBCD 3EXECUTION, 59X/23HF DIMENSION X{(3000),57X /
1 15HF NDIM=30004 65X / 12HF NTH=0,68X )
2014 FORMAT(7X,16HBCD 3VARIABLES 2,57X)
2015 FORMAT(7X,16HBCD 3VARIABLES 1, 57X /15HF
2016 FORMAT(7X,17THBCD 3DUTPUT CALLS,56X)
2017 FORMAT(7X¢16HBCD 3SUBROUTINES +57X )
2018 FORMAT(13A6,A2)
2019 FORMAT(7X,16HBCD 3END OF DATA ,57X)
2020 FORMAT({11HF NN=10,69X/22HF IF(NN.GT.0)GOTD3,58X /
1 11X¢24HLAGRAN(RTEST ¢ STEST+ATe7) +45X/

CALL GETG,65X)
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2 11X422HIRRADI(A3,A8,A9,STEST) +47X /
2 14HF 3 CONTINUE,66X /
2 16HF CALL TDIST,64X}
2021 FORMAT(6HSIBSYS, 74X/ 21HSREWIND SYSLB3,59X/
1 21HSREWIND SYSUT6,59X/28HS$SHITCH SYSINL+SYSLB3,52X7/
2 28HS$SWITCH SYSIN1ySYSCK2¢52X)

2022 FORMAT(11XsA691lHs 91493 01Hy 9sA6s1HysF9.6),7X /
1 11X3A591Hy3F92633(1HyyA6y1H,,F%24)42X /
2 11X3A551Hs 9 F9e691Hy s A6y 1He s F9.6436X)
2023 FORMAT(12X,3HEND,65X)
2024 FORMAT((11Xe3(124s1Hy y1PE13469s1Hee)}oI2,1Hsy1PEL13.6,2X))
2025 FORMAT (26HF WRITE(6,1000) LOOPCT,54X /
1 28HF1000 FORMAT(9HL LOOPCT= I6)+52X)
2026 FORMAT{11X,3(I591Hy)y3XsAby42X)
2027 FORMAT({11X,3(I5,1H,),E16.8,35X)
2028 FORMAT(11X,6HPRNTMP, 63X)
2029 FORMAT (13HF NN=K (4), 67X/
1 18HF DO 10 I=1,NN, 62X /
2 22HF 10 T(I)=T(I)+460.0 ,58X)
2030 FORMAT(18HF DO 11 I=14NN,62X/
2 22HF 11 T{I)=T{1}-460.0 ,58X)
2031 FORMAT (17HF CALL ENDOUT. 63X}
2032 FORMAT(7X,14HBCD 3NODE DATA,59X)
2033 FORMAT(11X,A6,63X)
END

$IBFTC VIEWFC

SUBROUTINE VIEWF

C RADIATION VIEW FACTOR BETWEEN FLAT SURFACED PAYLOAD AND SPHEROIDAL
C TANK WITH VARYING MLI THICKNESS.
C INPUT REQUIRED

SLAY - NO. OF NODES IN EACH 1 DEGREE SEGMENT

RP - PAYLDAD RADIUS

X AND Y - MAJOR AND MINOR RADII OF TANK (WITHOUT COVERING)

NSEG - NO. OF SEGMENTS ON TANK

NPAY - NO. OF RINGS ON PAYLOAD

NSURF- TOTAL NO. OF SURFACES IN RADIATION ENCLOSURE

H - TANK TO PAYLOAD SPACING
COMMON /RADIO/ NSEGyNPAY,NSURFsXsYsHsRPs THIKNsPI»SLAY, THETA,A,AFA
COMMON /TAPE/ NIN,NDUT,LCK2
DIMENSION SLAY(90),A(41),AFA{1681),THETA(30)
DIMENSION SAREA(90), DAREA(90),SEGAL100),DF{600)+F(600),R(10)
DIMENSION SAF(90,100),AF(41s41)sRVF(4]1,41)

OO0 O0

DATA WlyW2sW3, W4y WS, W6E,EYL,EY2 /6H A, 6H Rs6H DAREA,
1 6H SEGA,6H RFVs6H AF,6H(I) 26H(I,J) /
TOPI=2.#PI

ONED= PI/180.
HALFD=0ONED/2.
RPSQ=RP=RP
N=10.#RP
PSI=-~HALFD

DO 28 K=1,90
PSI=PSI+O0ONED

10 DMLI= SLAY(K}#THIKN

AX=X+DMLI
BX=Y+DMLI
AXSQ=AK=*AX
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12
14

16

18
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22
24

BXSQ=BX#BX

SPSI=SIN{(PSI)

CPSI=COS(PSI)

SSQ=SPSI#SPSI

CSQ=CPSI=CPS!I

AXBX=AX=BX

Rl1= AXBX#SQRT(1l./(BXSQ=#SSQ+AXSQ+CS5Q))
Y1=R1#SPSI

Z1=R1#LCPSI

DH=BX-Z1
XM1=(AXSQ#Z1)}/(BXS5Q*Y1l)
WSQ=(AXSQ-BXSQ)/BXSQ/BXSQ
W=SQRT({WSQ)

HOW=0.5/W
SRQB=5QRT(1.+WSQ*BXSQ)
RJ=8BX/2.%#SRQB

S= HOW#ALOG(BX#W+SRQB)
UPLIM=RJ+S

PSIX=PSI+HALFD

SPX=SIN(PSIX)

CPX=COS(PSIX)

SPXSQ=SPX#SPX

CPXSQ=CPX=CPX

R1X= AXBX#SQRT({1./(BXSQ#SPXSQ+AXSQ#CPXSQ))
Z1X=R1X%#CPX

SRQZX=SQRT (WSQ#Z1X#%2+1.)
T=Z1X/2.%SRQZX

U= HOW®ALOG(ZLX#W+SRQZX)
BOTLIM= T+U
SAREA(K)=TOPI#AX#{(UPLIM-BOTLIM)
IF{K.EQ.1) GO TO 12
DAREA(K)=SAREA(K)~SAREA(K~1)
GO TO 14

DAREA(K)=SAREA(K)

DO 28 I=1.N

RING=I

RHO=.1#(RING-.5)
SIXRNG=6.,#RING

SEGA{I)=PI®{(.1*RING)##2—( . 1% (RING-1.))=%2)/SIXRNG

NSGT=5#1]

GAMA=0.

DO 24 J=14NSGT

IF{J.EQ.1) GO TO 16
GAMA=GAMA+(TOPI/SIXRNG)
X2=RHO=COS{GAMA)
Y2=RHD#SIN(GAMA)

XA= X2

YB= Y2-Y1

ZC= H-DMLI+DH
RV=SQRT{XA#e2+YB##24¢7(Can2)
SM= SQRT(1l.+XMl=e2)

COSPl= (YB+XM1#ZC)/(RV=SM)
COSP2= ZC/RV
IF(COSP1l.LE.O.) GO TO 18
DF(J)={COSPL+COSP2#SEGA(I))/{PI*RV#RV)
GO TO 20

DF{J}=D.

IF(J.EQ.1) GO TO 22
F(J}=DF(JI+F(J—1)

GO TO 24

F(J)=DF(J)

CONTINUE

SAF(Ky I )=DAREA(K)#F(NSGT)
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CONTINUE

XNPAY=NPAY

DO 30 II=1,NPAY
XI=I1
RR=SQRT{(RPSQ#XI)/XNPAY)
NDELR=10.#RR
XNDELR=NDELR
R{II)=o1#XNDELR
JJ=TI+NSEG
IF(II.EQ.1) GO TO 29
At(JJ)= PI#(R(II)=%2-R(II-1)%=2)
G0 TO 30
A(JJI)=PI=#R(I]) =2
CONTINJE

DO 304 KK=1,NSEG
IF(KK.EQ.1) GO TO 301
NDEG1=NDEG2+1
NDEG=THETA(KK)
NDEG2=NDEG1+NDEG-1
GO TO 302

NDEG1=1
NDEG2=THETA(KK)
ASUM=),

D0 303 K=NDEG1l,NDEG2
ASUM=ASUM+DAREA(K)
CONTINUE

A{KK)=ASUM

CONTINUE

A{NSURF)= 122.211
DO 40 KK=1,NSEG
IF(KK.EQ.1) GO TO 32
NDEG1=NDEG2+1
NDEG=THETA(KK)
NDEG2=NDEG1+NDEG-1
GO TO 34

NDEG1=1
NDEG2=THETA{KK)

DO 40 [I=1,NPAY
IF(Il.EQ.1) GO TO 36
NDR1=NDR2+1
NDR2=12.#R(I1I)

GO TO 37

NDR1=1
NDR2=1J.#R(I1)
SUM=0.

DO 38 K=NDEG1+NDEG2
DO 38 I=NDR1,4NDR2
SUM=SUM+SAF(K,I)
CONTINUE

JJ=TI+NSEG
AF({KKyJJ)=SUM
CONTINUE

DO 42 I=1,NSEG

DO 42 J=1.NSEG
AF(I,J)=0.
NS1=NSEG+1
NS2=NSURF-1

DO 44 I=NS1.NS2

DO 44 J=I,4NS2
AF(1.4)=0.
AF{NSURF,NSURF)=0.
DO 48 I=1.NSEG
SUM=0
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DO 46 K=NS1sNS2

46 SUM=SUM+AF(I1,K)

48 AF(I NSURF)=A(I)-SUM
DO 52 I=NS1,NS2

SUM=0

DO 50 K=1,NSEG
50 SUM=SUM+AF(K,I)
52 AF(I,NSURF)=A(I)-SUM
D0 60 KK=1,NSEG
DO 60 JJ=NS1+NSURF
60 RVF{KKyJJ)=AF{KK,JJ}/A(KK)

AFA(1)=0.0
AFA(2)=0.0
1=2

DO 100 KK=1sNSURF
DO 100 JJ=KK.NSURF

I= [+1

100 AFA(I)= AF(KK,JJ)

Z1=W1
12=EY1

WRITE(NOUT,1001) Z1,22,(A(1),I=14NSURF)

I1=HW2

WRITE(NOUT,1001) Z19Z2y{R({I)+1I=1+NPAY)

Z1=W3

WRITE(NOUT,1001) Z1,22,(DAREA(I),I=1,90)

I1=W4

WRITE(NOUT,1001) Z1+22+{SEGA{I)s[=1+N)

Z1=W5
Z2=EY2

WRITE(NOUT,1001) 21,22
DO 200 KK=1.NSEG :
WRITE(NOUT,1002) (RVF(KK,;JJ)+JJ=NS1,NSURF)

200 CONTINUE
Z1=W6

WRITE(NOUT,1001) Z1,22
DO110) KK=1,NSURF
WRITE(NOUT,1002) (AF{(KKsJJ), JJ=KKsNSURF)

1100 CONTINUE
RETURN

1001 FORMAT(1HK,2A6/(1X,1P10E13.5))
1002 FORMAT(1X,1Pl0E13.5)

END

$IBFTC RAYOUT

SUBROUTINE RITARY{NA,AyN,J,HEAD)
DIMENSION A(l), IFMT1(5), IFMT2(7)
DIMENSION HEAD(9)

COMMON/BCD/ NBCD(60)

COMMON /TAPE/
DATA IFMT1(1)
DATA IFMT2(1)
DATA IFLOT1
1 7 6H(F12.7
DATA IFIX1
1 /7 6H (112

DATA [E1

- - @ @

NINyNDUT,LCK2
/30H{12Xy,4 21H ),
/42H{12X,
IFLDT2 , IFLOT3
6HF 1279 +» 6He1Hs ) /
IFIX2 1 BLANK
6H 112, s 6H /
1E2
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12

10

11

21

31

40

42

39

2011
2013

1

/ G6H{El12.5 . 6HE12.5, /
NSEG= N

Jd= J

IFMT2{3)= IBLANK
IFMT2(4)= IBLANK
ITEM2= IFLOT3

GO TO (10,511,112} ,J4J
IFMT1(2)=1E1
IFMT1(4)=1E2
IFMT2(5)=1E2
ITEM1=1E1l

GO T0O 21
IFMT1(2)= IFLOT1
IFMT1(4)= IFLOTZ
IFMT2(5)= IFLOT2
ITEM1= [IFLOT1

GO 1O 21
IFMT1(2)= IFIX1
IFMT1(4)= IFIX2
IFMT2(5)= IFIX2
ITEM1= IFIX1

N1l= 1

N2= 5

WRITE{LCK2,2011) NA, (HEAD{(I),I=1,9)

IF (N2 .GE. NSEG) GD TO 40
WRITE {LCK2,IFMT1) (A(I),I=N1,N2}

Nl= N1+5
N2= N2+5
GO TO 31
NN= NSEG-N1
N2= NSEG

IF(NN .LE. 0) GO TO 39
IFMT2(3)= ITEM1

IFMT2(4)= ITEM2

IFMT2(2)= NBCD(NN)

NBL= 56-13=NN

IFMT2(56)= NBCD(NBL)
WRITE(LCK2,IFMT2) (A(I),I=N1,N2)
WRITE (LCK2,2013)

RETURN

NN=1

IFMT2(2)=NBCD{NN)

NBL=56

GO TO 42

FORMAT(11X,1I2,3H $+9A6,10X)
FORMAT (12X, 3HEND,65X)

END

$IBFTC COMDAT

46

NHWN -

BLOCK DATA

COMMON /8CD/ NBCD{60)

DATA NBCD{1l) /360H 1 2
9 10 11 12 13
20 21 22 23 24
31 32 33 34 35
42 43 44 45 45
53 54 55 56 57

END

WO ~NOWVPWN -



$IBFTC CNDCTR

[aNalgl

32

35

33

GE

30

12

41

SUBROUT INE GETG

COMMON /KONST/ NSEGy; NPAY  NSURF ,NNODES,MAXNL yNPRINT,NDAMP ,NNL ,
1 NAREAL yNAREANoNARCLNsNTHETANITEST,NKHIC,NEMISS,NAFAsNSNT,

2 NEXTRA(3),

3 SIGMA,DPTH,DELS,yEMISSsCON1,CON2,DELDMP Xy TABSsHIKCONy NPSWCH,RAD,H

COMMON /COND/ 6G(1)

COMMON /TEMP/ T(1)

COMMON /SOURCE/ Q(1)

COMMON 7ARRAY/ Af1l)

COMMON /FIXCON/ KA(1l)
COMMON/QCOM/ QTS(30),QNDRM(30)

DIMENSION SAREA{41),EMISIV(41),TQ(41),NTQ(1)sNARY(1)

EQUIVALENCE {A,NARY), (TQyNTQ)

EQUIVALENCE (NLOOP,KA(5)), (DAMPA,KA(9)),(LOOPCT,KA(20))

EQUIVALENCE (ARLXCC,KA(30))

DATA NTIME /1/

NPSWCH=0

IF(LOOPCT .GE.NLOOP) CALLPCHT(1)
IF(NPSWCH .GT. 0) GO TO 9998

IF(ARLXCC .LT. -.0l) DAMPA=DAMPA+DELDMP
IF(DAMPA .GT. 1.0) DAMPA=1.0
IF(MOD(LOOPCT,100 ) .NE. O ) GO TO 32
CALL TIMLFT(TLEFT)

TLEFTM=TLEFT/3600.

WRITE(699999) TLEFTM,LOO0PCT

IF(TLEFT «LT. 14400.0) CALL PCHT{(2)
IF(NPSWCH .GT. 0) GD TO 9998

CONTINUE

IF(MOD{LOOPCT,NPRINT) .NE. 0) GO TO 33
NSP1=NSURF+1

CALL ENDOUT

WRITE{6,1001) LOOPCT,DAMPA,(TQ(I)}sI=1,NSP1)
CONTINUE

NRAD=RAD

T G FOR ALL NORMAL (VERTICAL) CONNECTORS

AKPART= DELS#SIGMA/(({2./EMISS)-1.)
NODA= D

NCOND= O

Nl= 1

DO 11 I=1.NSEG

M=NNL+I

NLAY= NARY(M)

MA= NAREAN+I

ADD=A{MA)/DPTH /8.
N2=N1+NLAY-1

DO 12 J=N1,N2

NODA= NODA+1

NODB= NODA+1

Tl= T(NDDA) +TABS

T2= T(NODB) +TABS

TPART= (T1+T2)#(TL1=T1+T2=T72)
AK= AKPART#*TPART

G(J)=ADD#AK

CONTINUE

NT2=NODA

N3=NODB~NLAY

N4=N3+1

GI(NL)=G{(Nl)=2,
QNORM(I)=G(NL)#(T{(N&4)-TI(N3))

VO HWN -
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[aNeEaNel

43 CONTINUE

N1= N2+1 63

40 TSURF=T(NT2) 64
11 NODA= NODA+1 65
66

COMPUTE G FOR LATERAL CONNECTORS 67
68

NODA= 1 69
NCOND= N2 70

DO 15 I=2,NSEG 71
M=NNL+! 72
NLAY= NARY(M) 73
NLMIP2=NARY{M-1)+1 T4
L=NARCLN+I 75
EL1=A{L-1)/2. 76
EL2=A(L)/2. 77
LL=NAREAL+I-1 78
AREA=A(LL) 79

DO 13 J=14NLAY 80
NODA= NODA+1 81
NODB= NODA+NLM1P2 82
NCOND= NCOND+1 83
Tl1= T(NODA) +TABS 84
T2= T(NODB) +TABS 8%
NM=NITEST+J 86
ITEST=NARY (MM) 87
IF{ITEST)20,19,19 88

20 FMM=NKHIC 89
IF(TYL .GT. 240.) GO TO 18 90
CALL LAGRAN{TL1,AK1,A{MMM),7) 91

17 IF(T2 .GT. 240.) GO YO 16 92
CALL LAGRAN{T2,AK2,A(MMM),7) 93

GO 70 21 94

18 AK1i=HIKCON 95
GO 10 17 96

16 AK2=HIKCON 97
GO 10 21 98

19 AK1=CON1=T1 + CON2 99
AK2=CON1#T2 + CON2 100

21 DEN= EL1/AK1l + EL2/AK2 101
G{(NCOND)= AREA/DEN 102

13 CONTINUE 103
15 NODA=NDDA+1 104
105

COMPUTE SOURCE TERMS FOR NET Q, RADIOSITY, USING SUBR. IRRADI FOR 106
INTERCHANGE BETWEEN FACE OF SHIELD AND PAYLOAD 107
108

GO TO (600,601)NTIME 109
600 NTIME=2 110
J=NSURF+1 111
M=NAREAN-1 112
K=NEMISS-1 113

DO 602 I=1,J 114
MNM=M+] 115
KK=K+I 116
SAREA(I)=A(MM) 117
EMISIV{I)=A(KK) 118
602 CONTINUE 119
NARY {NAFA+1)=NSURF 120
A(NAFA+2)=SIGMA 121
WRITE(5,1000) (SAREA(I),s1I=1,4) 122
WRITE(6,1000) (EMISIV(I),I=1,J) ) 123

48



601 CONTINUE

DO 500 I=1,NSURF

K=NSNT+I

J=NARY {K)
500 TQ(I+1)=T(4)

NTQ(1)=NSURF

CALL IRRADI(SAREA,EMISIV.A{NAFA),TQ)

DO 505 I=1,NSEG

K=NSNT+I

J=NARY(K)

Q(J)=QCJ)+TQ(1+1) /8B.

QTS(I)=Q(J)
505 CONTINUE
9998 RETURN
1000 FORMAT(1X,10G13.5)
1001 FORMAT(10HL LOOPCT= 16+ 5Xy6HDAMPA= F6.4,

1 /722H NET Q FROM RADIOSITY/(1X,10G613.5))
9999 FORMAT({12H TIME LEFT= F15.2, 10H LOOPCT= 1I8)

END

$IBFTC OUTEND

SUBROUTINE ENDOUT

COMMON/TITLE/ HEAD(20)

COMMON /KONST/ K(1)

COMMON/FIXCON/ X{27)4L.NP

COMMON/QCOM/ QTS(30),QNORM(30)

DIMENSION QTS8(30),QN8(30)

NSEG=K(1)

$ST5=0.

SND=0.

CALL PICTR

DO 10 I=1,NSEG

QTS8(I)= QTSs(I)=8.

QNB8(I) = QNORM(I)=8,

STS=STS+QTS(1I)
10 SNO=SNO+QNORM(I)

STS8=5TS=8,

SNO8=S5NO=8.

WRITE(6,2000) (HEAD(I),I=1,20),([,QTS(I),QNORMI(I)},

1 QTS8(I),QN8(I)yI=1,NSEG)

WRITE(5,2001) STS,SNO,STS8,SNO8

N=K (31}

L=0

NP=0

IF(N .EQ. 0) GD TO 4

GO TO (1,2)N
1 WRITE(6,2003)

GO TO 3
2 WRITE(6,2002)
3 WRITE(6,2004)
4 RETURN
O FORMAT(1H1,10X+20A6/9HL NO. SEGs8X+3HQTS+11X,5HQNORM,
1 24X,5HQTS*#8,9Xy THOQNORM=8 //
2 (18+4X+s2F14.8+15X42F14.8))
2001 FORMAT(12HLSUMMATION 12614.5,15X32614.5)
2002 FORMAT{ 71HLNOTE....THIS CASE STOPPED FOR TIME EXCEEDED,

1T YET CONVERGED. }

200

2003 FORMAT{52HLe.e+-THIS CASE STOPPED FOR ITERATION COUNT EXCEEDED.
2004 FORMAT{53HK ..+<CARDS WERE PUNCHED TO RESTART FROM THIS POINT.

END

IT HAS NO
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$IBFTC DISTRT

12

SUBROUTINE TODIST
COMMON /KONST/ K(1l)
COMMON /TEMP/ T{(1)
LUT5=11

REWIND LUTS
NNODES=K{4)

READ (LUTS5) (T(I),I=1,NNODES)
RETURN

END

$IBFTC GRAFIC

50

SUBROUTINE PICTR

COMMON/TITLE/ HEAD(20)

COMMON /TEMP/ T(1)

COMMON /ARRAY/ [A(1)

COMMDN /KONST/ NSEGyNPAY NSURF,NNODES+MAXNL s NPRINT s NDAMP ¢ NNL »

1 NAREAL ,NAREAN;NARCLN,NTHETAyNITEST¢NKHIC¢NEMISS,NAFA,NSNT,

2 NEXTRA(3),

3 SIGMA,DPTH,DELS,EMISS,CON1,CON2,DELDMP, X, TABSyHIKCON,PSWTCH,RAD,H
DIMENSION NODNO(15),TOUT(15)s LINE(30), NBCD(50), IFMT(13)
DIMENSTION NRENDN{15), NRENDT(15), IFMT1(96), A(l)

EQUIVALENCE (IA,A)

DATA ILINE,IBLANK /6Haa=s»%, 6H /

DATA ITARG /6HS$$$$8S8/

DATA NBCD(1)/ 300H 1 2 3 4 5 6 7 8
1 9 10 11 12 13 14 15 16 17 18 19
2 20 21 22 23 24 25 26 27 28 29 30
3 31 32 33 34 35 36 37 38 39 40 41
4 42 43 44 45 46 47 48 49 50 4

DATA IFMT(1)/ T8H(2HP 8XsAl+30A4/2HP A6.,A2,A1, (I16+41X,A1)/72
1HP Ab6,A2,Al, (FT.2,A1)) /

DATA IFMTL(1)/57T6H(1HL+5Xs20A67/8Xe10(1H=), (8Hrsuannuns) ,2Hus,
110X,17(1H*)/8Xs1H*,9X, {8H )e2H #4310X,1H®,15X,1H®/8X
2,18H* PAYLOAD NODES v (8H )e2H #,10X,7H=® SPACE,9X,
31H» /BX,10H= NODE NOS, 18 ¢42H #,10Xy 10H® NDODE NO.ysI5,2H =/
48Xy 1H® 49X, (8H Je2H #,10Xy 1H* 515X, 1H®/8Xs10H% TEMPS=
S FBe2 92H #,10Xy TH® TEMP=y,FB.2y2H */8X,10H* EMISIV= ,
6 FB8e4 +2H #510Xo8Hx EMISIV,FT7e4s2H #/8Xs10(1H»), (BHE ==
Tanunn) 2H#%,10X,17(1H*)/14HKANGLE OF EACH/14H SEGMENT(DEG.)/10X,

8 F841/14HKEMISIVITY OF /14H EACH SEGMENT /10X, F8.4%)
9 /

DATA ISUl1,ISU2,ITH1,1TW2

1 /7 6HSURFAC ,6HE s O6HTANKWA ,6HLL /

D0 5 I=1,NNODES

VOOV PUWNM

VOO WNHWUN P~
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5 T(I)=T(I)+TABS

11

50

52

12

CHECK FOR

1
2

MAXL= MAXNL+1
NSPACE=NNODES
NWALL=NSPACE-NPAY-1

NCINIT=0
NSl= 1
NS2= NSEG

IF(NSEG «GT. 15) NS2=15
NTH1 = NTHETA+NS1

NTH2 = NTHETA+NS2
NP1=NSPACE-NPAY
NP2=NSPACE-1
NET1=NEMISS+NS1
NET2=NEMISS+NS2
NEPL=NETL+NSEG
NEPZ2=NEP1 +NPAY-1

NESPAC=NEMISS+NSEG+NPAY+1
IFMT1{ 5)= NBCD{NPAY)

IFMT1(13)= NBCD(NPAY)
IFMT1(24)= NBCD(NPAY-1)
IFMT1(35)= NBCD(NPAY)
IFMT1(44)= NBCD{NPAY)
IFMT1(54)= NBCD(NPAY)
IFMT1(64)= NBCD{NPAY)
IFMTI{T73)= NBCD(NPAY)
IFMT1(B86)= NBCD(NSEG)
IFMT1(35)= NBCD(NSEG)

WRITE(6, IFMTLIHEADe(JyJ=NPLsNP2)sNSPACE{T(I)yI=NP1,NP2),T(NSPACE)
» (A(I)» I=NEP1,NEP2), AINESPAC]),

(A{I}4I=NET1,NET2)

WRITE{642004) H
WRITE(6,2003)

DO 10 I=1,MAXL
M=MAXL-I+1

IM=M-1

DO 11 L=1,15

LINE(L)= IBLANK
LINE(L+15)= IBLANK
NODNO(L)= ©

TOUT(L)= 0.0

NS1Pl= NS1-1
NC=NCINIT
N= 0

ISNSW=1

IF{M .EQ. 1) GO TO 12
MMl=M-1

MM=NITEST+MM1
ITEST=IA(MM)

IFCITEST oLT. 0) ISNSW=-1
DO 20 J=NS1,NS2

N2= 2#(J-NS1P1)

Ni= N2-1

JJ=NNL +J
JN=J-NS1+1
NLAY=[A{JJ)+1

IF(NLAY .LT. M) GO TO 19
N= N+1

26 IF(NLAY .GT. M) GO TO 21

TOP SURFACE TARGETING

(A{I),I=NTH1,NTH2),



C NLAY =M THIS IS A TOP SURFACE, CHECK YO SEE IF TARGETED

C

c

24

21
27

23

18

19
20

22

10

31

40
41

JJ=NEMISS+J

EMISIV=A(JJ)

IF(EMISIV .LT. 0.1) GO 7O 21
LINEINL)=ITARG
LINE(N2)}=ITARG

GO 70 27

C NL{JJ) M THIS IS AN INTERIOR NODE OR TANKWALL SURFACE.

LINE(N1)= ILINE
LINE{N2)= ILINE
ISIGN=1

IF(I .LT. MAXL) GO TO 23
NRENDN{N)=IBLANK
NRENDT{N)=IBLANK
LEND=IBLANK

LLEND=ILINE

NAM1=1TW1

NAM2=ITW2

NAM3=]ISUl

NAM4=1ISU2

GO 70 18

ISIGN=ISNSW

LEND=IL INE

LLEND=ILINE

NAM1=NBCDt IM)

NAMZ2=IBLANK

NAM3=1BLANK

NAM4=IBLANK
NRENDN(N)=ILINE

NRENDT (IN}=ILINE

NN= NC+M

NODNO(JIN)= NN+*ISIGN
TOUT{JIN)=T(NN)

NC= NC+NLAY

CONTINUE

IF(N .GT. 0) GO TO 22
WRITE(6,2001)

G0 70 10

IFMT( 6)= NBCD(N)
IFMT(11)= NBCD(N)
WRITE(6,IFMT)LLEND,y, { LINE(L)yL=1,30), NAML1,NAMZ,LEND,
1 (NODNO(L),NRENDN(L},L=1sN)y NAM3,NAM4,LEND,
2 (TOUT(L) s NRENDT(L}sL=1,N}
CONTINUE

DO 31 1I=1.3

LINE(I)=TILINE
WRITE{6,2002) (LINE(I)sI=1,3), NWALL, T(NWALL), (LINE(I),I=1,3)
IF(NS2 .GE. NSEG) GD TO 40
NS1= NS2+1

NS2= NSEG

NCINIT=NC

GO TO 8

DO 41 [=1,NNODES
T(I)=T(I)-TABS

RETURN

2000 FORMAT(1Hl, 5X,20A6/41Xy17(1H*)410Xel7(1H=)/

52

1 41XelHR 315X 1H®, 10X g 1H#3 15Xy 1H® /
2 41X, 9H* PAYLOAD, TXy l1H#%, 10Xy 7TH® SPACEs 9X,1H* /
3 41Xy10H% NODE NO.yI592H #,10X,10H* NODE NO.,I5,2H #/

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

154
155
156
157



41Xe1H® 415X 1H#5 10Xy 1H®, 15X, 1H®/

41Xy TH® TEMP=yF842y2H %4 10Xs 7TH® TEMP=,F8.2+2H #*/
G1Xe LH® 9 15X% s LH® 10X o LH®y 15X, LH*/

41Xe LT{1H#®) 410X 17(1H=) /

o~ UH

2001 FORMAT(2HP /2HP /2HP )
2002 FORMAT(2HP /2HP /2HP ,41Xy3A6/2HP 241X,1H#916Xy1H*7/
1 2HP 441X+ 1H%#49H TANKWALL,7Xy1lH® /
2 2HP 341Xo1H#,10H NODE NOu=41592H %/
3 2HP +&41XelH#eTH TEMP .= FBe.2+2H #/
4 2HP 941Xy 1H%2916Xs1H®#/2HP ,41X,3A6 )
2003 FORMAT(7H LAYER /6H NO. )
2004 FORMAT(25HKTANK TO PAYLOAD SPACING= F7.4, 4H FT. /)
END

$IBFTC PUNTEM

SUBROUTINE PCHT(N}
COMMON /TEMP/ T(1)}
COMMON /FIXCON/ FC(1)
COMMON/KONST/ K(1)}
C SET.NPSWCH TO NON-ZERO TO INDICATE CARDS BEING PUNCHED

K{31)=N
NNODES=K(4)
FC(19)=10000.
WRITE(6,101)
PUNCH 100, NNODES,(T(I),I=1,NNODES)

100 FORMAT(18,9F8.1/(10F8.1))

101 FORMAT{( 36HL TEMPERATURE CARDS BEING PUNCHED)
RETURN
END

14HKANGLE OF EACH / 14H SEGMENT(DEG.) / 10X,15F8.1)

158
159
160
161
162
163
164
165
166
167
168
169
170
171

VO NP WN
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APPENDIX H

SYMBOLS USED IN ANALYSIS

A area, ftz; m2
AA incremental area, ftz; m2
Ax incremental area in x direction in finite difference equation, ftz; m2
Ay incremental area in y direction in finite difference equation, ftz; m2
A z incremental area in z direction in finite difference equation, ftz; m
major semi-axis of tank plus shield, ft; m
AiFi,j pr;)ﬁluct of til:h surface aréea ti?fnes geometric radiation view factor between
i™ and j surface, ft"; m

minor semi-axis of tank plus shield, ft; m

specific heat, Btu/(lb)(°R); J/(kg)(K)

i j geometric radiation view factor ~ portion of total energy, either emitted or
reflected diffusely from surface i, that is intercepted by surface j
G conductor value for heat transfer, Btu/(1b)(°F); J/(sec)(K)
h tank-to-payload spacing, ft; m
thermal conductivity, Btu/(hr)(t)(°R); J/(sec)(m)(K)
AL payload ring width, ft; m
le slope of normal N1
N normal to center of an incremental surface
Ng number of surfaces in radiation enclosure
NJ number of incremental areas in jth payload ring
Q heat flow, Btu/hr; J/sec
q incremental heat flows, either across a plane of any segment or into (or out of)
any surface segment, Btu/hr; J/sec
51 internal heat generation rate at each node, Btu/hr; J/sec
distance between any two incremental surfaces, ft; m
Rp payload radius, ft; m
R4 distance from tank center to incremental surface, ft; m



Ry distance from payload center to incremental surface, ft; m
S source term, (.1a/k, (ft3)(oR)/hr; (m3)(K)/sec

AS thickness of MLI, ft; m

T temperature, 0R; K

t time, sec

v volume, ft3', m3

X,¥,% coordinate system, point coordinates

X, major semi-axis of tank, ft; m

Ax incremental distance in x direction

Y minor semi-axis of tank, ft; m

Ay incremental distance in y direction, ft; m

Az incremental distance in z direction, ft; m

a thermal diffusivity, ftz/hr; mz/sec

B angle measured from minor axis to segment boundary on tank
v location angle on payload

€ emissivity

6 angle on tank to specify segments

o density, 1b/ttS; kg/m°

Q@ angle between the normal to a surface and the vector R from that surface
ybm angle from top of tank to Rl

Subscripts:

i index or counter

i index or counter

k index or counter

lat lateral

m,n reference or index

norm normal

p refers to payload surface increment

t refers to tank surface increment



Notation:

56

vector

unit vector

2 2 2
+-a_+a_
2

0xX oy 0z 2

Q

Laplacian operator,

)

unit vectors in x, y, z directions
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